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ABSTRACT

Or, August 31, 1977, the Cost Analysis Improvement Group (CAIG),

which is responsible for policy and guidance for cost analysis in the Department

of Defense -(4DO), issued a memorandum which contained an operating and support

-0O&S) cost element structure (CES) for tactical air-launched missiles, to be

used in all Defense System Acquisition Review Council (-DSARC) reviews and other

mi.ssile cost analyses. Accordingly, the Rescurce Analysis Group (Op-96D), wh0,•

is responsible for independent cost analysis within the Navy, tasked Administra-

tive Sciences Corporation to undertake a study.-and accomplish the following

objectives:

1. develop and coordinate a Navy a!r-launched missile operating
and support cost element structure,

2. discover data sources and gather available data,

3. develop cost-estimating relationships, and

4. document the effort in a report that can be used as a handbook
or guide for Navy air-launched missile O&S cost analyses.

The CES which was developed contains sixteen cost elements which define

and encompass the same activities described in the CAIG memorandum. Each cost

element is discussed in detail in the body of this report. including the following

information:

1. a definition;

2. a discussion of the activitiy, points of contact, historiial
data, and sources for planning data;

3. a cost-estimating relationship (CER) including computational
procedures; and,

4. an axnazle calculation.
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All pertinent data which was collected during the study is in-

cluded4 ,•-thhe report, as well as examples of Navy documents which can be

used for cost estimating in the future. Each source is identified by a point

of contact and a DOD telephone number. All explanatory variables which were

employed in the study, whether used in a WER or not, are also included.

These data should be helpful for future CER development.
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This report presents the work done by Administrative Sciences

Corporation for the Resource Analysis Staff (Op-96D) under contract N00014-

77-C-0180, in the area of Navy air-launched tactical missile operating and

support (O&S) costs. The objectives of the effort were to:

I) develop a Navy air-launched missile operating and support
cost element structure (CES),

2) discover data sources and gather available data,

3) develop cost-estimating relationships and,

4) document the effort in a report that can be used as a
handbook or guide for Navy air-launched missile O&S
cost analyses.

The CES which is shown in Exhibit I-1 captures exactly those costs

defined by the Cost Analysis Improvement Group (CAIG). It was coordinated

"with the Air Force and is identical at the major topic level with the Air

Force tactical air-laLnched missile CES. Each element is discussed in detail

in the body of the report including the identification and discussion of data

sources. The raw data is contained in Appendix C. Cost estimating relation-

ships were developed for every cost element for which the data were amenable.

For other cost elements, cost factors and/or examples of recent cost history

are provided. Th., factors from the Navy Resource Model (NARM) ?rogram Factors

Manual are included to provide an estimating methodology for the elements which

are of an indirect nature; e.g., Base Operating Support, Personnel Support.

Cost elements which usually comprise the bulk of O&S costs and the

associated "cost drivers" are accorded special emphasis in zhe discussicn, the

data and the CER's. In the case of depot maintenance, two different CER's are
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EXHIBIT I-I 1

NAVY OPERATING A.D SUPPORT COST ELEMENT
STRUCTURE FOR AIR-LAUNCHED MISSILES

Appro- Budget Accounting
priation Cate•oy Claimant 2  Visibility3

o Operations

1. Handling and Inspection MPN CINC A

2. Operational Training MPN, O&MN CINC, NAVAIR A, D/ANAVSEA

o Below-Depot Maintenance

3. Organizational/AIMD Maint. MPN, O&MN OP-Ol, NAVAIR A
4. Intermediate Maintenance O&MN 7/A/2 NAVAIR 4104 D

o Installations Support

5. Base Operating Support MPN, O&WI CINC, NAVAIR I
NAVSEA

o Depot Maintenance

6. Depot Maintenance O&MN 7/A/2 NAVAIR 4104 D
o Depot Supply and Technical Support

7. Supply Depot Ops O&MN 7/E/1,2,3 NAVSUP A/I

8. Technical Support
Fleet Support O&MN 7/A/2 NAVAIR 4104 D
Engineering Support O&MN 7/A/2 NAVAIR 4104 D
Quality Evaluation O&MN 7/A/4 NAVAIR 4104 D
Program Management mpN, O&k• NAVAIR D/A

o Second Destination Transportation

9. Transportation O&MN 7/E/3 NAVSUP A
10. Receipt, Segregation, Storage O&MN, MPN 7/B/l NAVSEA 04J A

& Issue

o Personnel Support Training

11. Replacement Training MPN,0&MN 8/A/2,2/E CNET A/I
12. Health Care MPN,O&M" BUIED I

13. Personnel Support MPN, 0&.LN OP-O I

o Sustaining investments
14. Replenishment Spares WPN 2 NAVAIR 412 D/A

15. Modifications WPN,O&.vY 2,7/A/2 NAVAIR 412 D

16. Replenishment Ground Support WPN NAVAIR 4104 A

Equipment

17/A/2 refers to Budget Program 7, Budget Activity A, Budget Project 2

2 Claimants: CINC - the Commander-in-chiefs of the Naval Fleets
NAVAIR - Naval Air Systems Command
NAVSEA - Naval Sea Systems Command

CNET - Chief of Naval Education and Training
NAVSUP - Naval Supply Systems Command
BUMIED - Bureau of Medicine and Surgery
OP-O - DCNO Manpower ?ersonnel and Training

3D ' Direct Cost with individual weapon system visibility
A - Direct Cost without individual weapon system visibility; must be allocated

I Indirect

l | | | [ "/ El|: • | |EI || 'I!• ~ il I [ lm~~ll•lllllll J •- :• I
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provided from which the user may pick the appropriate one. Program data

arealso provided, and an example calculation is made for every element.

The reader, however, is cautioned in Section II regarding the necessity

of confirming all program and operational data with knowledgeable fleet

personnel.

The report is written in handbook form so that it can be used

both as an educational tool for a new analyst and an estimating model for

the experienced analyst. Appendix E is designed to serve as a user's guide

for both experience levels. The new analyst can refer to Table E-1 which

lists all the variables required by the equations in this report. These

variables are organized by source in Table E-2; i.e., all the data which

should be obtained from the program office, or from the assistant project

manager for logistics (APML), or from the OpNAV sponsor (Op-506), etc., are

grouped together. The new analyst therefore can satisfy all data requirements

from a particular source with a single request.

For the experienced analyst, Table E-3 provides a listing of the

cost elements, a brief definition for each, the computation procedure including

cost-estimating relationships, and a rererence which identifies the major data

source and tells where additional background information can be found. Once

the analyst digests the information in this report and obtains a working know-

ledge of missile O&S, he need refer only to the summary of the CER's contained

in this table. Finally, Table E-4 contains the cost element structure with the

appropriation, claimant and point of contact for each. This provides the reader

with an easy guide for gathering data in the future.

- ~.uww~
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Since the decision to buy a new weapon system commits the Navy

to operate and support it over its operating life, it is important that

the operating and support (O&S) costs, as well as research and development

(R&D) and procurement costs, be understobd and analyzed during the acquisi-

tion process. This has become increasingly important in the last decade as

O&S costs have exceeded the sum of R&D and procurement costs for many systems.

The basic tasks involved in managing and controlling O&S costs are as follows:

1) estimate O&S costs during the acquisition process;

2) observe and record O&S costs throughout the life of
the system in the fleet;

3) learn what operating and maintenance policies and
procedures drive O&S costs; and

4) feed back information to the industrial community so
that the designsof future systems incorporate O&S
cost sa~ings.

The Cost Analysis Improvement Group (CAIG) has taken the lead in

stressing the importance of O&S cost analyses especially relating to Task 1.

On August 31, 1977, the CAIG issued a memorandum which contained a cost element

structure (CES) for tactical air-launched missiles, including definitions. The

memorandum, the missile CES, and definitions,all of which are included in this

report as Appendix A, are important because they establish the ground rules for

performing missile O&S analyses for all services what to include, what not to

include.
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Appendix B contains the Navy tactical air-launched missile CES

developed during this effort, complete with definitions and the funding

appropriation and claimant. The CES was prepared to capture exactly those

costs defined in the CAIG memo, and at the same time, reflect the uniqueness

of the Navy organization, mission, and support concepts. It was also coor-

dinated with Air Force cost analysts and is identical to the CES developed by

the Air Force at the major heading level (Operations, Below-Depot Maintenance,

Depot Maintenance, etc.) The material is organized as a single section to

permit it, when excerpted from this report, to serve as initial guidance for

a Navy Program Manager or Study Director in preparing an O&S analysis for a

Navy tactical air-launched missile.

Seation III of the report contains information for each cost element

consisting of a definition of the element, a discussion of the data sources,

the computational procedure including a CER, and an example calculation. Since

the CES contains several cost elements (Base Operating Support, Personnel Sup-

port, Health Care, etc.) which are general in nature and for which no weapon-

specilic data is collected, the methodology from the Navy Resource Model (NARM)

Program Factors hanual is utilized to generate cost estimates. Simply speaking,

the methodology consists of the identification of certain support resources

(dollars and personnel) from the budget and allocation of these resources back

to weapon systems on the basis of some proxy vqrlable or variables (usually the

number of direct personnel) which are chosen to approximate the weapon systems'

demand for support. This methodology, although indirect, has many advantages.

It provides a consistent, logical procedure for estimating costs which would



otherwise be extremely difficult to estimate; it is well recognized and

accepted; and, it provides consistency with the other analyses supported by

the NARM. A complete discussion of the methodology can be found in Section

III in each section where the methodology is utilized.

Section IV of this report provides a listing of the data base which

supported the regression analysis used to develop the CER's contained in this

report, and a brief discussion of some of the data problems. This is included

to facilitate future CER development.

Appendix C contains the raw data and program information collected

during this study which were used to develop the CER data base described in

Section IV. Appendix D contains a metric conversion chart. Since current DOD

contracts require the use of metric measures in all reports, this chart is

included to facilitate comparison/conversion of this data, which is entirely

metric, to other previously developed data. Appendix E is a user's guide and

provides simple instructions on the preparation of a missile O&S analysis using

this report. Table E-2 groups all the variables defined in the report according

to the most likely sources. This provides the uninitiated analyst with direc-

tions about where to go and what infor-mation to seek. Tables E-3 and E-4 con-

tain a summary of the CER's and points of contact respectively.

Finally, it should be emphasized in the strongest possible terms that

the "rules of thumb" and other descriptive type information contained in this

report are for the purpose of providing background information and facilitating

the education of the reader. They are valid only for the time period during

which this report was prepared and, IN NO WAY DOES THE PRESENCE OF THIS INFOR-

MATION ALLEVIATE THE ANALYST OF THE RESPONSIBILITY OF RE.CONFIRMING ALL OF THE

INFORMATION WITH THE FLEETS AND THE SUPPORTING COM.MANDS DURING EACH SUBSEQUENT

ANALYSIS.
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The purpose of this section is to provide a definition, a discussion

of the supporting data, and a methodology for developing a cost estimate for

each of the cost elements listed in Table III-1. In many cases the methodology

will take the form of a statistical cost-estimating relationship (CER). In such

cases the equation will be given with t-statlstics followed by the adjusted

coefficient of determination, the standard error of the estimate, the deter-

minant of X'X, the F Statistic, definitions of all variables and the data base.

In instances where a CER is not provided, enough information will be provided

to support a rudimeatary cost estimate; and, an example calculation will be

made. This calculation is intended to be a benchmark based on general knowledge

which will provide the analyst an example of a reasonable value for each variable

and for the total cost. The example calculation should not supplant detailed

analysis, but rather it should serve as an indication of the order of magnitude

of the cost one could expect for a particular cost element.

Escalation was based on the August 1977 memorandum from the Office of

the Secretary of Defense (OSD). The O&MN escalation rates are given below:

75 76 TQ 77 78 79 80

O&MN 0.755 0.817 0.868 0.878 0.940 1.000 1.080

The miosilesdiscussed in this report and used to develop the CER's

ara those currently in the Navy inventory or under development. Their names

and official designations are as follows:
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NAVY MISSILES

Name Designation

Sidewinder AIM-9
Sparrow AIM-7
Walleye I GW-MK.
Walleye II GW-MK5
Shrike AGM-45
Standa •d Arm AGM-78
Phoenix AIM-54
Harpoon AGM/RGM/UGM-84
Harm AGM-88
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EXHIBIT III-1

NAVY OPERATING AND SUPPORT COST ELEMENT
STRUCTURE FOR AIR-LAUNCHED MISSILES

Appro- Budget Accounting
priation Category1  Claimant 2  Visibility

o Operations

1. Handling and Inspection MPN CINC A
2. Operational Training MPN, O&MN CINC, NAVAIR A, D/A

o Below-Depot Maintenance NAVSEA

3. Organizational/AIMD Maint. MPN, O&MN OP-01, NAVAIR A
4. Intermediate Maintenance O&MN 7/A/2 NAVAIR 4104 D

o Installations Support

j. Base Operatiug Support MPN, O&MN CINC, NAVAIR I

o Depot Maintenance NAVSEA

6. Depot Maintenance O&MN 7/A/2 NAVAIR 4104 D

o Depot Supply and Technical Support

7. Supply Depot )ps O&MN 7/E/1,2,3 NAVSUP A/I
8. Technical Support

Fleet Support O&MN 7/A/2 NAVAIR 4104 D
Engineering Support O&MN 7/A/2 NAVAIR 4104 D
Quality Evaluation O&MN 7/A/4 NAVAIR 4104 D
Program Management MPN, O&MN NAVAIR D/A

o Second Destination Transportation

9. Transportation O&MN 7/E/3 NAVSUP A
10. Receipt, Segregation, Storage O&M1N, MPN 7/B/i NAVSEA 04J A

& Issue

o Personnel Support Training

11. Replacement Training MPN,O&MN 8/A/2,2/E CNET A/I
12. Health Care MPN,O&MN BUMED I
13. Personnel Support MPN,O&MN OP-01 I

o Sustaining Investments

14. Replenishment Spares WPN 2 NAVAIR 412 D/A
15. Modifications WPN,0&MN 2,7/A/2 NAVAIR 412 D
16. Replenishment Ground Support WPN NAVAIR 4104 A

Equipment

17/A/2 refers to Budget Program 7, Budget Activity A, Budget Project 2
2 Claimants: CINC - the Commander-in-chiefs of the Naval Fleets

NAVAIR - Naval Air Systems Com-and
NAVSEA - Naval Sea Systems Command
CNET - Chief of Naval Education and Training
NAVSUP - Naval Supply Systems Command
BUTMED - Bureau of Medicine and Surgery
OP-01 - DCNO Manpower Personnel and Training

3 D m Direct Cost with individual weapon system visibility
A - Direct Cost w-ithout individual weapon system visibility; must be allocated
I - Indirect
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1. HANDLING AND INSPECTION

la. Definition - This is the cost of personnel and consumable material3!
needed to handle and operate the missile and missile system equipment at

the organizational level. Examples of handling and inspection tasks are:

removing the missile from organizational storage; missile inspection; missile

assembly (usually limited to the attachment of wings and fins); transporting

missiles to the aircraft; missile uploading; and missile check-out and arming

prior to a captive flight or firing. This cost also includes a similar series

of tasks to download the missile and return it to storage if it is not fired.

It is improtant to note that there is some variation in missile handling pro-

cedures; e.g., some missiles require minor assembly, others do not; some mis-

siles undergo the missile-on-aircraft-test (MOAT) before takeoff, others after

takeoff.

lb. Discussion - Some missile systems have a contingent of organizational per-

sonnel who are dedicated to the operation and maintenance of the missile system

and therefore easy to identify and cost. Other systems have no dedicated person-

nel and the analyst must compute an equivalent manpower figure by summing the

total annual organizational level manhours required for support of the missile

system. There are several ways to obtain an estimate of the required handling

and inspection manpower. One is to discuss organizational missile operations

with Naval personnel who have had experience in that area. Another method is

to refer to the Maintenance Engineering Analysis (MEA). A MEA is usually pre-

pared for each missile system and is available through the respective program

I
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offices (see section 8.4, page 57 for a list of the program offices).

Contained in the MEA is the following information:

1) maintenance requirements for each assembled missile and
each subassembly;

2) required maintenance tasks;

3) a recommended maintenance level for each maintenance requirement;

4) required support equipment for each task; and

5) task times and personnel requirements by number and type.

As an example, a sample of the worksheets taken from the AIM-7F MEA,

which pertain to organizational handling and inspection, are shown as Table C-i

of Appendix C. The work sheets describe each task, the number of men required,

their rating and skill level, the time required, and the required support equip-

ment. Based on those engineering estimates found in the .MfA, one can compute

the average manpower required for one upload/download cycle for an AIM-7F to

be two and one-half (2.5) manhours. As a general rule, lighter missiles would

probably require less labor, while heavier ones would require more.

In addition to the unit labor requirement, one must also know the

number of captive flights in order to compute the total labor required for

handling and inspection tasks. Planning data on the captive carry rates for

missiles can usually be obtained from the program offices. For the purpose of

providing background information, the HARM program office was using the rate

of one captive carry, with two missiles per deployed aircraft per month. Cap-

tive carry rates for air-to-air missiles such as Sidewinder (AIM-9), Sparrow

(AIM-7) and Phoenix (AIM-54) are usually higher. Again, for the purpose of

providing background information, one can assume that on the average five or six
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carriers are active at all times, each with two attack squadrons (twelve air-

craft each) and two figher squadrons (twelve aircraft each). This computes to

an average of 120 to 144 attack and 120 to 144 fighter aircraft deployed at any

one time. The analyst is cautioned that although this information is represen-

tative, actual experience may vary, sometimes greatly. It is incumbent upon

the analyst to check with the program office of the particular missile under

review and/or with a representative of the fleet to determine what the current

or planned captive carry rates are.

Actual data on captive flight activity of missiles already in the

inventory is contained in the maintenance data collection system (MDCS) for air-

launched missiles, which is maintained at the Fleet Analysis Center (FLTAC) in

Corona, California. This information, however, is not part of FLTAC's Perfor-

mance Monitoring System (PMS), a conversational system which provides users with

ready access to the most frequently requested data, and therefore would require

a special run. The charge for This run is estimated by FLTAC to be two to four

thousand dollars. Captive flight infomation for Phoenix and Sparrow, however,

is currently available in a series of reports known as deployment reports. A

deployment report is prepared after each deployment for the assistant project

manager for logistics (APML) in NAVAIR 4104 and the Pacific Missile Test Center

(PMTC). These reports contain the following information for each missile uploaded

on the carrier:

- the number of captive flights, if any;

- the bureau number of the carrying aircraft;

- the duration of each captive flight;

- the ordnance station on the aircraft on which the missile was
carried;

I
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- the number of failures; and,

- many other items of information.

FLTAC has a request pending to prepare these deployment reports, which cost

approximately ten thousand dollars annually per weapon, for all air-launched

missiles. This information is useful in estimating future captive carry rates

of missiles under development in two ways:

1. It gives historical data on missile systems which may be
forerunners to other systems under development (e.g. AIM-
7E, AIM-7F).

2. It serves to give the analyst an idea of the accuracy of
planning estimates vis-a-vis actual data from the fleet.

Although the definition for Handling and Inspection includes the

cost of consumable material, this cost is negligible or non-existent for current

Navy air-launched missiles.

ic. Cost-Estimating Relationship - The analytical representation of the com-

putation of Handling and Inspection costs is given below:

HI - DE x EPR + DO x OPR + CM

DE - LU x NM x CF
1440

where,

HI - the annual cost of handling and inspection of air-launched
tactical missiles. (FY79$K)

DE - the number of equivalent direct enlisted manyears required
for handling and inspection tasks.

EPR - the annual enlisted pay rate.* (FY79$K - 9.517)

*Pay is defined here and throughout this report as the average annual pay rate
by categories (officer, enlisted, cadet and trainee) found in the Five Year
Defense Program (FYDP) for military pay and allowances. The rates are obtained
by dividing total military pay and allowances for each category by the average
annual military strength in each category, and are readily available through
the Navy Resource Model (NAM) Program Factors Manual prepared by Op-901 (X-55038).
FY79 rates are $22,141 for officers and $9,517 for enlisted.



25

I.&

I

DO - the number of direct officer manyears (if any) required for
handling and inspection tasks.

OPR - the annual officer pay rate. (FY79$K - 22.141)

CM - the annual cost of consumable material required for
handling and inspection tasks. 1

LU - the number of manhours required to successfully upload
and download a missile.

NM - the number of missiles carried per captive flight.

CF - the annual number of captive flights.

The variable LU which is given in manhours Ji divided by 1440 produc-

tive manhours per manyear to transform it into manyears. This factor is com-

monly used in manpower planning to determine personnel requirements. If it is

felt that a d fferent factor is more appropriate for a particular circumstance,

it may be substituted in lieu of 1440. Also note, that the variables DE and DO

(in addition to similar variables in Cost Element 3 - Organizational/AIND Main-

tenance) are measures of the equivalent direct manpower necessary to operate

and maintain the weapon system and are used as proxy variables to compute other

costs. This will be discussed in detail later in this chapter and is mentioned

here only to place proper emphasis on the variables DE and DO.

hi. Example Calculation

Assume:

LU - 2.5 manhours

NM - 2.0 missiles per aircraft

'The cost of consumable material for air-launched missiles currently in the
fleet is negligible.
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CF - (5 carriers with weapons x 24 aircraft/carrier x 1 captive
flight/aircraft/month + 2 Naval Air Stations x 10 captive
flights/month) x 12 mos./yr. - 1680 annual captive flights

cM- 0

EPR - 9.5 (FY79$K)

DO - 0

-2.5

DE 1,440 x 2 x 1,680 - 5.8

HI - 5.8 x 9.5 + 0 x 22.1 + 0 - $55.1 (FY79$K)
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2. OPERATIONAL TRAINING

2a. Definition - This is the cost of operational training to attain missile

system proficiency and consists primarily of two types of training - pilot

training on the Advanced Combat Maneuvering Range (ACMR) and operational

firings of live missiles. The former is an instrumented air space where

pilots fly through attacks, dogfights, etc., and are able to replay the entire

scenario in a classroom environment and discuss their performance and weapons

proficiency. The latter type of training, operational firings, consists of

the costs involved in expending a live rounc. These costs generally fall into

three areas, range costs, threat simulation, and post flight analysis support.

Range costs are the costs associated with opening, clearing, oparating and

closing the range for a firing exercise, equipping the range with any special

telemetry, radar or photography equipment, and any other general software

support required by the exercise. Threat simulation costs are the costs asso-

ciated with presenting a target complete with augmentation or whatever other

support is required to create a realistic threat environment. Finally, the

post flight analysis support is the engineering effort required to ascertain

the performance of the missile and pilot.

2b. Discussion - Costs for use of the ACMR are currently averaging approximately

eight hundred dollars ($800) per hour, with an average exercise consisting of

two 45 minute sessions. Costs are variable since up to four aircraft may train

at any one time. Also, there are plans for several more of these facilities

in the future which may drive down the cost per hour. For more information on

the ACMR contact Mr. R. Crangle, NAVAIR-06E (X-27785).
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To estimate the cost of range services, threat simulation, and post

flight analysis is difficult because the charges for these services vary so

significantly that one must actually prepare the specifications for the oper-

ational test firing before costs can be estimated with any accuracy. For in-

stance, the charge for range costs at the twenty-six fleet training ranges may

vary from over two thousand dollars per hour to nothing. In the case of the

Atlantic rleet Weapons Training Facility (AFWTF) where no charge is made, it

is obvious that costs are incurred despite the fact the user is not charged,

but to pick out these costs from the operating budgets of the fleet would not

be a cost effective effort at this time. Target costs and post flight analysis

costs also vary drastically depending on the requirements of the particular

shot.

Despite this variability, a list of representative costs shown in

Exhibit 111-2 has been obtained from various sources and may be used to gener-

ate baseline estimates of operational firing costs if specific information is

not available. Further information on these costs can be obtained from Mr. H.

Kollshegg, NAVAIR-06 (X-27675) and/or Mr. F. Belen, NAVSEA-06N (X-27748).

The number of missiles fired annually depends on a number of factors

such as inventory levels, training requirements, tactics evaluation requirements,

funding and others. By far the most important of these factors is the inventory

consideration. Information on the planned operational firing rates can be ob-

tained from the OPNAV program sponsors (Op-506). The specific individuals are

identified below:

Title Code Name Telephone

Air Weapon Systems Op-506F/506F2 CAPT R.J. Johnson X-51985
Air-Surface Guided

Weapons Coordinator Op-506F1 LtCMfDR J.W. Prueher X-51985
Air-Air Guided Weapons

Coordinator Op-506F3 CMDR R.C. Allen X-51985
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EXHIBIT 111-2

REPRESENTATIVE OPERATIONAL FIRING COSTS

1. Range Costs

This cost varies from range to range. A charge of $1,000 per hour

is representative but it should be remembered that a series of firing ex-

ercises will usually be conducted when an operational unit comes to a

range. The range costs therefore must be allocated.

2. Threat Simulation Approximate Pro-

Land Targets curement Cost (FY79$K) Reuse

Bunker 0 Infinite1

Moving Vehicle 10 1-5 Times1

Sea Targets H
Moored Hulk 0 5-10 Times I
Moving Vessel (Septar) 100 2-5 Times i

Air Target (Subsonic)

MQM-74C 80 2-5 Times 2

BQM-34 A/S 250 2-5 Times 2

TOW 8 2-5 Times

Air Target (Supersonic) H
AQM-37A 40 No Ii
BQM-34 E/T 450 2-5 Times 2

CQM-1OB 75 No

Target augmentation costs may range from 0-$35K depending on what is

required. For example, HARM would require a radiating target, Harpoon

would require augmentation of a Septar tc simulate the larger profile of

a surface combatant.

3. Post flighc analysis also varies with the amount of equipment used and

data collected. Currently, a representative effort is 2-3 manweeks,

costing $60-70K per manyear depending on which Naval engineering activity

performs the work.

lCosts are for special purpose, light target vehicles. If a fully armored,
droned rank is required, costs may run to $200K or higher for target vehicle.
2Add $3-4K for consumable material and preparation for each reuse. All reuse
estimates are approximations. Actual experience may vary, sometimes greatly.

-~l j



30

2c. Cost-Estimating Relationship - A general representation of the cost

calculation is as follows:

OT - 0.80 x ACMRT + NLF x UCLF

where,

OT - the annual cost of operational training. (FY795K)

ACMRT - the total annual time spent training on the Advanced Combat
Maneuvering Range. (hours)

NLF - the annual number of live firings.

UCLF - the unit cost of a live firing including range costs,

target simulation and post flight anal,'is support. (FY79SK)

2d. Example Calculation

Assume:

238 (17 squadrons x 14 pilots/sqn.) go through 1.5 hours
of ACMR training annually

NLF - 10 per year

UCLF - 10K

range costs - 4K (4hrs. @ 1K/hr.)

target costs - 4K (TOW'-assume 2 flights/target)

post flight anal. - 2K (2 manweeks @ $60K/year)

OT - 0.80 x 357 + 10 x 10

- 385.6 (FY79$K)
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3. ORGANIZATIONAL/AIRCRAFT INTERMEDIATE MAINTENANCE
DEPARTMENT (AIMD) MAINTENANCE

3a. Definition - This is the cost of labor and consumable material required

at the Squadron and the CVA/NAS Aircraft Intermediate Maintenance Department

(AIMD) to perform maintenance on the missile and its associated equipment.

The concept of the all-up-round (AUR) precludes this type of maintenance on the

missile itself,but organizational and intermediate level maintenance is required

on missile-dedicated aircraft equipment.

3b. Discussion - The current maintenance concept of Navy air-launched missiles

is that of the all-up-round (AUR). What this means is that no maintenance is

performed on the missile at the organizational level. If a missile fails a

visual inepection or a built-in-test (BIT), it is packaged and returned to the

Naval Weapons Station (NWS) for repair. No attempt is made to repair the missile

on a carrier or at a Naval Air Station (NAS).

Costs do accrue to this element, however, when maintenance is required

for missile system-dedicated hardware on the aircraft. Both the HARM and Harpoon

systems require missile system-dedicated hardware on the launching aircraft.

When such maintenance occurs, it can entail organizational labor and consumable

materials to remove and replace the faulty equipment, and labor and consumable

materials to repair the faulty equipment at the Aircraft Intermediate Maintenance

Department (AIMD) aboard the carrier or at the NAS.

Data on missile system-dedicated aircraft hardware currently in the

inventory can be obtained from the Maintenance and Material Management (3-M)

System. The Fleet Weapon System Reliability and Maintainability Statistical

Summary (MSOD 4790.A2142-01) contains data on mean-time-between-failure (MTBF)
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and mean-time-to-repair (MTTR) by work unit code (WUC) for each aircraft type/

model/series (t/m/s) aircraft. This report can be obtained from the Maintenance

Support Office Department (MSOD) Mechanicsburg, PA, or by cnatacting Mr. R.

Schanamann (X-28781) of NAVMAT 0415.

Information regarding equipment not in the inventory can be obtained

from the weapon system Reliability Prediction Reports which are prepared for

each missile and contain projections for missiles and missile equipment relia-

bility. The reports can be obtained from Mr. F. Norton (X-27596) of NAVAIR 5205.

The estimation of aircraft operating and support costs is a rather

involved topic. The reader can get considerably more detail on this subject

by referring to "Naval Aircraft Operating and Support Cost Model - FY76 Revision,"

ASC R-116, March 1978.

3c. Cost-Estimating Relationship - The analytical representation of the compu-

tation of Organizational/AIMD Maintenance costs is given below:

OMC - OHE x EPR + CPIA

OME - NA x FHY/MTBF x MTTR/1440

where,

OMC - the annual cost of organizational/AIMD maintenance. (FY79$K)

OME - the number of equivalent enlisted manyears required for
organizational/AIMD maintenance of missile syatem equipment.

EPR - the annual enlisted pay rate. (FY79$K - 9.517)

CMA - the annual cost of consumable material for missile-dedicated
aircraft equipment maintenance. (FY79$K)

NA - the number of aircraft carrying the -issile-dedicated equipment.

FHY - the annual flying hours per aircraft.

MTBF - the mean-cimt!-between-failure of the missile-dedicated equip-
ment. (hours)
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MTTR t the mean-time-to-repair the missile-dedicated
equipment (hours).

It is again noted that the OME variable represents direct manpower at the

organizational level. This variable, when summed with DE and DO (if other

7 than zero) from Cost Element 1 - Handling and Inspection, is used to estimate

Base Operating Support Costs and in turn, Teplacement Training, Health Care and

Personnel Support. This will be discussed in detail in each of the respective

sections.

3d. Example Calculation

Case 1 - Aircraft contains missile-dedicated equipment.

Assume:

EPR - 9.5 (FY79$K)

CMA - 0

NA - 204 aircraft

FEY - 240 hours per year

MTBF - 270 hours

MTTR - 1.0 hour

Off - 204 x 240/270 x 1/1440

- 0.13

OMC - 0.13 x 9.5 + 0 - 1.2 (FY795K)

Case 2 - Aircraft does not contain missile-dedicated equipment.

OMC - 0

____ ____ __ _ ___ ____ ___ ___
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4. INTERMEDIATE MAINTENANCE

4a. Definition - Intermediate or Naval Weapons Station (NZWS) maintenance is

the cost of personnel, consumable material and station overhead required to

perform missile and missile component checkout and repair at the Naval Weapons

Stations. This includes such procedures as the functional test of the assembled

round, fault isolation of the failed round, removal and replacement of faulty

major subgroups such as the flight control group of the guidance section, and

fault confirmation and other support from the Weapons Quality Evaluation Center

(WQEC). Exhibit 111-3 taken from the AIM-7F MEA provides a graphic depiction of

the intermediate maintenance functions required for the AIM-7F.

4b. Discussion - The Maintenance Data Collection System (MDCS) for air-launched

missiles is maintained at the Fleet Analysis Center (FLTAC) in Corona, California

and tentative workload and budget data for NI4S maintenance is available through

their Performance Monitoring System; but since it is only planning data, a

better source is Naval Air Systems Command, Operations, Navy, Budget Justification

Material. This material,which is prepared for each budget request by NAVAIR 4104,

contains detailed information about the unit cost and quantity of each type mis-

sile processed at the NWS. This data from the FY77, FY78, and FY79 submissions

is shown in Tables C-2 through C-5 of Appendix C.

In general, a missile requires NWS maintenance when one of three events

occur:

3. It is determined to have failed;

2. It has reached its afloat storage time limit or maintenance due
date ('DD); or,

3. It has reached its shore storage time limit or maintenance due
date (DMD).
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A missile failure can be ascertained in several ways. The most frequent

method is via the avionics check of an uploaded missile, usually referred

to as the BIT (built-in-test) or MOAT (missile-on-aircraft-test). A second

method for determining failures is through visual inspection which may reveal

missing or damaged parts. A final method of determining a failure is through

some breach of maintenance or operational procedures. An example of this

would be a missile that had been dropped or one that contained seawater in

its sealed container.

The second source for NWS maintenance is when a missile reaches its

MDD for afloat storage. When a carrier receives a shipfill of missiles for

a deployment, a portion of the missiles is kept containerized in what is

called deep storage. A missile is removed only when it is needed to replace

a failed missile. The remainder of the missiles may remain in deep storage

until a specific time limit is reached. When that occurs, the missilesmust be

returned to the NWS for test and recertification.

The third source for NWS maintenance is when a i•issile reaches its

MDD for shore storage. Missiles in deep storage ashore are not subject to the

ravages of salt air and sea motion and are therefore assumed to have better sur-

vival rates than those stored afloat. Therefore they are sometimes afforded a

longer interval between recertification.

It should be noted that for some missiles the current policy also im-

poses a limit on the number of captive flights or captive flight hours, but this

policy is under review. The replacement policy is one of "fly until die" or con-

tinue to captive fly a missile until a failure is observed. Table C-6 of Appendix

C, contains the current maintenance due policy for air-launched weapons.

- , ° ,
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Captive flight reliability data can be obtained from the FLTAC

deployment reports mentioned in Section 1. For a missile not yet operational,

a prediction of this reliability can be found in the Decision Coordinating

Paper (DCP) which can be obtained from the program office. The DCP usually

contains the proposed maintenance due policies, but if not, the program

office can provide that information.

4 c. Cost-Estimating Relationship - The NWS unit cost data found in Table C-5

of Appendix C was used to develop the following CER:

NWS - 0.312 + 2.561IRR + 0.004LWO
(1.18) (3.17)

A2 - 0.731

S.E.E. - 0.436

Det.of X'X - 0.728

F - 10.510

where,

NWS - the unit cost of NWS maintenance. (FY79$K)

IRR - the intermediate reject ratio, i.e., the percentage of missiles
processed by the NWS which are determined to be failures and
are sent to the depot for repair.

LWO - the launch weight of the missileless the ordnance weignt.
(kilograms)

DATA BASE

NWS LWO
Missile (FY795K) _RR (KG)

Sidewinder 1.07 0.13 77.00
Sparrow (AIR) 1.84 0.30 200.00
Walleye I 1.15 0.07 225.00
Walleye II 1.34 0.09 182.00
Shrike 1.36 0.22 137.00
Standard Arm 3.48 0.30 548.00
Phoenix 1.77 0.25 421.00
Harpoon 2.67 0.19 375.00
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The use of the intermediate reject ratio as an explanatory variable

for estimating unit intermediate maintenance costs may, at first, seem recur-

sive, but it makes sense not only statistically, but intuitively as well, once

the details of NWS funding are understood. Simply speaking, the Naval Weapons

Stations negotiate a unit fixed price with NAVAIR for the repair of each type
missile. Funding then amounts to the unit price times the number processed.

Since the unit price is applicable both to missiles which pass initial tests

and are recertified after minimal maintenance, and to missiles which fail ini-

tial tests, require retest, dissassembly, fault isolation, etc., it is obvious

that the greater the percentage of failures, the higher the unit price will

eventually be.

To compute the intermediate reject ratio requires the computation

of each of the various sources of maintenance requirements - observed failures,

maintenance due for afloat storage, and maintenance due for shore storage, each

having its own failure rate or reject rate. The analytical representation is:

IRR - AF x AFRR + MDSA x MIDSARR + MDSS x MDSSRR

NWSWL

where,

IRR - the intermediate reject ratio, i.e., the percentage of
missiles processed by the NWS which are determined to be
failures and are sent to the depot for repair.

AF = the annual NWS workload resulting from missile failures,
determined by BIT check and visual inspection.

AFRR - the failure rate at the NWS of missiles which were returned
to the NWS as observed failures in the fleet.

MDSA - the annual NWS workload resulting from missiles stored afloat
which reach their maintenance due date.



40

MDSARR - the failure rate at the NWS of missiles which were returned
to the NWS because the afloat storage maintenance due date
had been reached.

MDSS - the annual NWS workload resulting from missiles stored
ashore which reach the maintenance due date.

MDSSRR - the failure rate at the NWS of missiles which were returned
to the NWS because the 3hore storage maintenance due date
had been reached.

NWSWL - the annual NWS workload; i.e., the number of missile; of a

particular type which undergo NWS maintenance in a year.

Data for the three failure rates is usually contained in the DC? and/or the

Reliability Prediction Report for each missile under development. NWS reject

rates for misSiles in the fleet are recorded by the FLTAC Performance Monitoring

System (PMS) and can be requested through Mr. Koniak of NAVAIR 4104. Table C-7

of Appendix C contains the most recently ava eject ratio data.

The degree of sophistication us( ce the NWS workload can

vary greatly. If feasible, one can employ a -ion in which every missile

is tracked and failures are determined stochastically with predetermined failure

rates and in accordance with one or more assumed operational scenarios involving

deployment schedules, cross-decking policies, captive carry rates and many other

factors. On the other hand, the analyst can simply obtain an estimate by anal-

ogy using the NW4S workload data in Tables C-2, C-3, and C-4 of Appendix C.

One methodology, which is a compromise between the two previously

mentioned, is to estimate the workload resulting from each of the three sources

mentioned earlier. An analytical representation of this methodology is as

follows:

T4SWL = AF + MDSA + MDSS

AF - CF x NM x CFD/CFFR
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p 1
MDSA - (ANSA - AF) x ASR

NDSS - ANSS x

S SR

P where,

NWSWL - the annual NWS workload; i.e., the number of missiles of
a particular type which undergo NWS maintenance in a year.

AF - the annual NWS workload resulting from missile failures,
determined by BIT check and visual inspection.

MDSA - the annual NWS workload resulting from missiles stored
afloat which reach their maintenance due date.

MDSS - the annual NWS workload resulting from missiles stored
ashore which reach the maintenance due date.

CF - the total annual number of captive flights (also used
in Element 1).

NM - the number of missiles per captive flight.

CFD - the average captive flight duration (in hours).

CFFR - the captive ýlight failure rate (MTBF in hours).

ANSA - the average number of missiles stored afloat.

ASR - the afloat storage recertification time (maintenance due
date - in years).

ANSS - the average number of missiles stored ashore.

SRR - the shore storage recertification time (maintenance due
date - in years).

Therefore, the NWS cost can be estimated as the workload multiplied

by the unit cost.

TNWS - INS x NWSWL

where,

TNWS - the total NWS mlaintenance cost. (FY79$K)

NWS - the unit cost of NWS maintenance. (FY79$K)

NWSW-L - the annual :NWS workload; i.e., the number of missiles of a
particular type which undergo NTWS maintenance in a year.
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4d. Example Calculation wigs

Unit Cost:

Assume a missile with the following characteristics:

LWO - 150kg

IRR - 0.12

NWS - 0.312 + 2.561(0.12) + 0.004(150)

- 1.22 (FY79$K)

Workload:

Assume:

ANSA - 600 (5 carriers x 120 shipfill) missiles

ANSS - 3400 missiles

CF - 1680 (as computed in Element 1)

NM - 1

ASR - 1.75 years

SSR = 4 years

CFFR - 300 hours

CFD - 2.5 hours

AF - 1680 x 2.5/300 - 14 missiles

MDSA - (600 - 14)/1.75 335 missiles

MDSS - 3400/4 - 850 missiles

NWSWL - 14 + 335 + 850 - 1199 missiles per year

Total NWS cost - 1199 x 1.22 - $1462.8 (FY79$K)
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5. BASE OPERATING SUPPORT

5a. Definition - Base Operating Support (BOS) is the cost of installation

personnel and material necessary to directly support missile handling and

inspection personnel. Examples of installation functions which directly

support the unit include food services, custodial services, supply, motor

pool, payroll, ADP and communication operations. It also includes a propor-

tional share of work center costs such as real property maintenance, etc.

5b. Discussion - Since it is often difficult to determine the variable impacts

on base operating support costs of the addition or deletion of a force unit

such as a missile or an entire missile system, the methodology used in the

Navy/ Resource Model (NARM) Program Factors Manual' was adopted to provide an

estimate for Base Operating Support costs as well as several other subsequent

elements which are similarly general in nature. A simplified explanation of

the NARM methodology is that it identifies total support resources (O&M funds

and manpower) of a specific type from the Navy budget and allocates those re-

sources back to the force units based on some proxy variable or variables which

are chosen to approximate that force unit's demand for support. The usual proxy

variable is direct manpower (in the case of missiles, Handling and Inspection

and Organizational/AIMI) Maintenance manpower). In each succeeding case where

NARM methodology is used to estimate costs, it is identified and the methodology,

factors and proxy variables are given.

1Navy Program Factors Manual, (OPNAV-90P-02A), Volumesl and II, 31 August 1977.
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For BOS the computation is done in the following manner. The annual

costs and manpower allowances found in the Navy budget, which are contained in

program elements 24611N, 24612N, 24613N, 24614N, 24615N, 24617N, 24618N and

72827N are summed and divided by three, because only one-third of the total BOS

resources are considered variable with the forces. The one-third of the re-

sources which is to be allocated is done so based on the number of direct oper-

ating personnel associated with each system, i.e., the more personnel required

to operate and support a weapon system, the more base services are required.

BOS services consist of officer personnel, enlisted personnel and O&MN fundb;

The factors used to make this allocation are not found explicitly in the Factors

Manual. Those factors used in the most recent edition, 31 August 1977, are

given in this report, ana subsequent revisions can be obtained from Ms. Ruth,

Op-901, (X-55038).

5c. Cost-Estimating Relationship - The computation is as follows:

BO - 0.OOI4TDP

BE - OOl78TDP

BOM - 0.4946TDP

BOS a (BOx OPR) + (BE x EPR) + BOM

where,

BO - the number of base operating officers necessary to provide
BOS services to missile system personnel.

TDP - the number of total direct personnel (officers and enlisted)
involved in operating and supporting the missile system.
This is usually an equivalent number of personnel,(e.g., two
officers half-time equal one officer) required in Element 1 -
Handling and Inspection, and Element 3 - Organizational/AIMD
Maintenance and is equal to the sum of DE and DO (from Element
1) and OME (from Element 3, Section 3, 3c.)

BE - the number of base operating enlisted personnel necessary to
provide BOS services to missile system personnel.
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BOM - the O&M funds required to provide BOS services to missile
system personnel. (FY79$K)

BOS - the total cost (OLMN and MPN) of base operating support. (FY79$K)

OPR - the officer pay rate. (FY79$K - 22.141)

EPR - the enlisted pay rate. (FY79$K - 9.517)

It is important to make note here of three important variables - the

number of direct enlisted (DE + OMI) plus base operating enlisted (BE), hereafter

referred to as direct and base operating enlisted (DBE); the number of direct

officers (DO) plus base operating officers (BO), hereafter referred to as direct

plus base operating officers(DBO); and the total of the two, hereafter referred

to as direct and base operating total (DBT). These variables are required by

the NARM methodology and are used to compute costs for Elements 11 - Replacement

Training, 12 - Health Care, and 13 - Personnel Support.

The equations are given below:

DBE - DE + OME + BE

DBO - DO + BO

DBT - DBE + DBO

where,

DBE w the total number of enlisted personnel, direct plus base
operating, required to operate and provide base support to
the missile system.

DE - the number of equivalent direct enlisted required
for handling and inspection tasks (from Element 1, Section III,lc.)

OME - the number of equivalent enlisted required for
Organizational/AIMD Maintenance of missile system equipment.

BE - the number of base operating enlisted personnel necessary to
provide base operating support services to missile system
personnel.
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DBO the total number of officer personnel, direct plus base
operating, required to operate and provide base support
to the missile system.

DO - the number of equivalent direct officers required
for handling and inspection tasks.

BO - the number of base operating officers necessary to provide
base operating support services to missile system personnel.

DBT - the total number of personrLel, officers and enlisted, direct
plus base operating required to operate and provide base
support to the missile system.

5d. Example Calculation

Assume:

DE - 5.8 (from Element 1, Section III, Id.)

DO - 0 (from Element 1, Section III, ld.)

OME - 0.1 (from Element 1, Section III, ld.)

TDP - 5.9

BO - 0.0014(5.9) - 0.0 officers

BE - 0.0178(5.9) - 0.1 enlisted

BOM - 0.495(5.9) - 2.9 0&M (FY79$K)

BOS - 0 x 22.1 + 0.1 x 9.5 + 2.9 = 3.9 (FY79$K)

also:

DBE - 5.8 + 0.1 + 0.1

- 6.0 enlisted

DBO - 0 + 0

= 0 officers

DBT a 6.0 + 0 - 6.0 total personnel
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6. DEPOT MAINTENANCE

6a. Definition - Depot Maintenance is the cost of manpower, material, and

overhead needed to perform missile, missile component and support equipment

maintenance at Navy and Contractor repair facilities. Exhibit 111-4 taken

from the AIM-7F MEA provides a graphic depiction of the depot maintenance

functions for the AIM-7F missile. In addition to maintenance of missiles,

depot maintenance funding pays for a number of types of support other than

repair of missile sections such as:

1. Mobile Missile Maintenance Unit (00MU) operations,

2. repair of missile containers, (material denoted by Aviation
Supply Office (ASO) cognizance code-2E),

3. repair of missile explosive devices (material denoted by ASO
cognizance code-4E),

4. repair of air-launched missile repairable components (material
denoted by ASO cognizance code-6E),

5. repair and calibration of test equipment and other GSE.

6b, Discussion - Data for depot repair costs of air-launched missiles and

missile equipment is available from several sources. The first source, FLTAC

air-launched missile MDCS, contains a large amount of logistic information such

as depot level parts replacement rates for the flight control and seeker sections,

klystron replacement rates, analysis of age sensitive components, and many other

details. The second source, Industrial Performance Summary of the Naval Air

Rework Facilities provides complete data on the rework of the missiles at the
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Naval Air Rework Facilities (NARF's). Neither of these sources however,

provides complete depot costs since neither addresses the miscellaneous rework

previously mentioned or the rework of rocket motors. In order to obtain this

information, one must go to the third source, the Budget Justification Material

prepared by NAVAIR 4104, obtainable from Mr. Koniak (X-29773). Since NAVAIR

4104 budgets for, and funds all depot rework for air-launched missile systems,

the budget back-up provides a complete funding profile of all depot costs.

Tables C-8 through C-18 of Appendix C contain copies of the depot maintenance

budget back-up sheets from the FY77, FY78 and FY79 submissions. Each table

contains the data for one fiscal year (or transition quarter) as it appeared

in the budget submission. Table C-19 contains a history of total depot costs

expressed as a unit cost based on the guidance and control (G&C) section work-

load. This is done to facilitate cost estimating by maintaining compatability

with the NWS reject ratio. Table C-20 contains the depot unit cost of repair

of the G&C section. In the cases (Shrike and Phoenix) where there are actually

two separate sections (a guidance and a control section), the unit cost is ex-

pressed on the basis of the guidance section workload. Table C-21 contains

the depot manhours required to repair a G&C section for those missiles reworked

at the NARF's. It also contains the NARF labor rates for the missile work

centers. Table C-22 contains unit costs for depot (NOS Indianhead) repoar of

rocket motors, commercial depot level repair cost and other depot costs. Other

depot costs consist of repair of repairables, container repair, ground support

equipment repair and Mobile Missile Maintenance Unit (MMMU) operations. Although

the specific breakdown of these components is not available, it was learned from
I

£

I
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NAVAIR that repair of repairables comprised 70% of other depot costs in FY78,

38% in FY77 and 42% in FY76.

Historical depot workload data is also contained in Tables C-8

through C-18 of Appendix C. The estiuation of future depot workloads can be

easily accomplished by taking the three sources of NWS workload (from Element

4) and multiplying each by its respective NWS failure rate (also from Element

4). This provides an estimate of the number of sections requiring depot repair.

It should be pointed out that this estimate is not technically precise since it

is possible that a rejection at the NWS may produce two or more sections which I

require depot repair and the currently available data does not permit one to

track an occurence of this kind. Fortunately, this problem is not of a magni-

tude sufficient to affect cost estimating significantly and is mentioned only

for the background knowledge of the reader.

6c. Cost-Estimating Relationship - Two CER's were developed for estimating

depot costs - the first estimates the total depot unit cost, while the second

estimates only the G&C unit repair cost. The CER for total depot cost is as

follows:

DC - DUC x WL

WL - NWSJL x IRR

DUC - 1.251 + 0.324MS + 0,013CAC
(1.52) (4.99) 1000

R2 - 0.834

S.E.E. - 0.890

Det.of X'X - 0.949

F - 16.131

S. . . . .. . . . .. . . . . . . . . . . .. ...
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where

DC - the total annual depot cost. (FY79$K)

DUC - the total depot unit cost for a particular type missile
(FY79$K)

WL - the depot workload; i.e., the number of G&C sections processed.

NWSWL , the annual NWS workload; i.e., the number of missiles of a
particular type which undergo NWS maintenance in a year.

IRR - the intermediate reject ratio; i.e., the number of missiles
failed by the NWS and forwarded to the depot for repair
divided by the total number processed by the NWS.

MS - the maximum speed of the missile in free flight. (mach)

CACo 0 00  the cumulative average hardware cost of the first one
thousand missiles procured. (FY795K)

DATA BASE

DUC IMS 1000Missile (FY795K) (mach) (FY79 $K)

Sidewinder 3.54 4.0 35.4
Sparrow (AIR) 3.97 2.5 129.6
Walleye I 2.19 1.0 47.3
Walleye II 2.85 1.0 56.1
Shrike 1.12 2.0 48.7
Phoenix 6.90 5.0 335.2
Harpoon 5.94 0.8 340.9

The Standard ARM observation was removed from the data base because I

it was felt that the extremely low volume of depot repair was resulting in an

unusually high unit cost. 4

If one wishes to estimate only the unit cost of repair of the G&C

sectionL, the following CER may be used:

DGC - -0.728 + 0.018LWO
(5.43)
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j2 - 0.803

S.ý.E. - 1.404

Det.of X'X a 1.000

F - 29.486

where,

DGC - the depot unit cost of rework of a missile G&C section.
(This does not include repair of G&C repairables.) (FY79$K)

LWO - the launch weight of the missile less the ordnance weight.
(kilograms)

DATA BASE

DGC LWO
Missile (FY79$K) (kg)

Sidewinder 2.1 85.0
Sparrow 3.1 200.0
Walleye I 1.8 225.0
Walleye II 2.5 182.0
Shrike 1.3 137.0
Standard Arm 9.4 548.0
Pheonix 8.7 421.0
Harpoon 4.1 375.0

This CER would also be improved by omitting the Sidewinder observation, but

the improvement is only slight since most of the unexplained variation is in

the depot rocket motor and depot other categories. If this equation is utilized,

the analyst must explicitly treat the other depot costs - repair of rocket

motors, repairable material, containers and other costs. This may be done

by analogy using Table C-22.

6d. Example Calculation

Assume:

MS - 4.5 mach

CAC1000 - 145 (FY79$K)



• 3

NWSWL - 1,199

IRR - 0.12

WL - NWSWL x IRR - 144

DUC - 1.251 + 0.324(4.5) + 0.013(145)

a 4.6 (FY79$K) I

DC - 4.6 x 144 = 662.4 (FY79$K)

I
I
I

I

-1

I
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7. SUPPLY DEPOT OPERATIONS

7a. Definition - This is the cost of manpower and material needed to buy,

store, package, manage and control supplies, spares and repair parts used

in operating and maintaining missiles, missile components and support equip-

ment. When a new missile system is introduced into the force, spare parts

are procured to sustain missile operations. These parts are introduced into

the supply system and resources are expended to manage, store, distribute,

package and crate both the spares inventory and other common supply items

which support missile system personnel.

7b. Discussion - This cost is computed for the Navy Resource Model Program

Factors Manual by taking the costs contained in program element 71111N - Supply

Depot Operations of the budget and allocating to force units on the basis of

direct requirements of manpower and operating funds, i.e., MPN, O&MN, and WPN.

7c. Cost-Estimating Relationship - The equation for estimating Supply Depot

Operaticns is:

SDO -O.025DR

where,

SDO - the annual cost of Supply Depot Operations required to
support a weapon system.(FY79$K)

DR a the direct requirements of manpower and operating funds
represented by the total cost of Elements 1, 3, 4 and 6.
(FY79$K) (HI + OMC + NWS + DC)

7d. Example Calculation

Assume:

HI - 55.1 (total cost - Element 1. Section III Ild.)

OM - 1.2 (total cost - Element 3, Section III 3d.)

l -
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NWS - 1487.8 (total cost - Element 4, Section III, 4d.)

DC a 662.4 (total cost - Element 6, Section III, 6d.)

DR - 55.1 + 1.2 + 1462.8 + 662.4 - 2181.5

SDO - 0.025 x 2181.5

w 54.5 (FY795K)
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8. TECHNICAL SUPPORT

* |Technical Support is the cost of a number technically oriented

programs usually centrally managed by the Systems Command or one of its

field activities. Each of the programs, which are listed below, will be

identified and discussed separately.

8.1 Fleet Support

8.2 Engineering Support

8.3 Quality Evaluation

8.4 Program Management

I

I.

, , ,---1-*• - ' '' ••' 2
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I

8.1. FLEET SUPPORT

8.1a. Definition - Fleet Support is the cost of on-site technical personnel

(Navy civilians) who provide technical advice and assistance in the oper-

ation and maintenance of the weapon system. These "tech. reps." deploy with

the units and serve as advisors and liaison for maintenance, configuration,

training and many other problem areas.

8.1b. Discussion - Fleet Support is budgeted and funded by NAVAIR 4104 and

Mr. Koniak (X-29773) is the responsible individual. Cost data for Fleet

Support are found in the Budget .i-istification Material prepared by NAVAIR 4104

and are presented in Table C-23 of Appendix C.

8.1c. Cost-Estimating Relationship - The data from Table C-23 was used to

develop this CER for Fleet Support costs:

FS - 64-307 + 3.119PI + 113.530AAD
(2.83) (4.25)

R 0.800

S.E.E. - 36.231

Det. of X X - 0.980

F - 14.995

Where,

FS - the annual. cost of Fleet Support for a particular missile
type (FY79$K)

PI - the percentai'e of the air launched missile inventory
represented by the missile

AAD - a dummy variable which takes the following values:

0, if the missile is an air-to-surface missile

if the missile is an air-to-air missile
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DATA BASE

PI1
FS %

Missile (FY79$K) (FY79 Base) AAD

Sidewinder 271 17.6 1
Sparrow 271 17.3 1
Walleye I 117 22.5 0
Walleye II 52 3.6 0
Shrike 192 25.4 0
Standard Arm 107 2.5 0

Phoenix 170 7.3 1
Harpoon 98 3.8 0

The data used in this CER is the average of FY76 from the FY78 submission

plus the three years (FY77-79) contained in the FY79 eubmi49sion.

8.1d. Example Calculation

Assume:

PI w 20%

AAD - 1

FS - 64.317 + 4.229(20) + 113.530(l)

+ 262.4 (FY79$K)

~1

I

1 The variable PI has been adjusted from the values shown in Exhibit IV-1
to reflect only those missiles that have Fleet Support funding in FY1979.
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8.2 ENGINEERING SUPPORT

8.2a Definition - The cost of Engineering Support is comprised of two

major areaa - maintenance engineering and design engineering. The former

consists of efforts at the various Naval engineering activities in support

of the missile maintenance system and is funded through NAVAIR 410, while

the latter is concerned with engineering for the missile itself, i.e., design

and configuration matters, and is funded by the NAVAIR 510. These engineering

functions include revisions and additions to the Integrated Logistics Support

Plan (ILSP) necessitated by configuration changes, revisions to the maintenance

concept, or any other change instituted to correct a problem in the fleet. In

other words, Engineering Support funding pays for follow-on Integrated Logistics

Support (ILS).

8.2b Discussion - The NAVAIR 410 portion is printed in the Budget Justification

Material and is summarized in Table C-24 of Appendix C. The NAVAIR 510 portion

is not specifically identified in the budget but was obtained from NAVAIR 510,

and is shown in Table C-25 of Appendix C. For further information contact

Mr. Koniak (X-29773) for the NAVAIR 410 portion and Captain Glunt (X-28571)

or Mr. Cooper (X-28620) for the NAVAIR 510 portion.

8.2c Cost-Estimating Relationship - The following CER can be used to estimate

the total cost of Engineering Support:

ES - 80.950 + 4.306FS
(3.96)

R2 - 0.677

S.E.E. - 233

Det.of X'X - 1.000

F - 15.649
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where,

ES - the annual cost of Engineering Support (design engineering
and maintenance engineering). (FY79$K)

FS m the annual cost of Fleet Support for a particular missile
type (FY79$K).

DATA BASE

ES FS
Missile (FY79$K) (FY79$K)

Sidewinder 1,431 271
Sparrow 1,241 271
Walleye I 347 117
Walleye Il 181 52
Shrike 657 192
Standard Arm 709 107
Phoenix 747 170
Harpoon 857 98

The data show above is the sum of the four-year average funding

level (FY76-FY79) for NAVAIR 410 and NAVAIR 510 Engineering Support.

8.2d Example Calculation

Assume:

FS - 262.4 (from Element 8.1, Section III, 8.1d.)

ES - 80.950 + 4.306(262.4)

- 1210.8 (FY79$K)
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8.3 QUALITY EVALUATION

8.3a Definition - Quality Evaluation is the cost of the Navy Weapons Quality

S| Program whose purpose is to monitor the status and condition of the air-launched

weapons stockpile. Principal activities include maintenance/reliability/

performance trend analysis, calibration of test equipment, destrucitve testing

of missile sections, certification of NWS failures and related data collection

and analysis.

8.3b Discussion - Data for Quality Evaluation (QE) were received from

Mr. Sanders, NAVAIR 4104 (X-29828) and are shown in Table C-26 of Appendix C.

The data were adjusted per Mr. Sanders instructions to include the cost of the

ipecial Interface Gauges Program. Quality.Evaluation funds were also used to

support the development of the air-launched weapons reporting system at FLTAC,

Corona, California, but this was not factored into the data since it is not a

recurring function.

8.3c Cost-Estimating Relationship - The estimating equation for Quality

F Evaluation is as follows:

QE - 109.559 + 6.785PI + 17].660AAD

-2R 0.605

S.E.E. - 85.768

Det of X'X 0.98

F - 6.369

V!

14{

I.J
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Where,

QE - the annual cost of 4 Ly F-iluation (FY79$K)

PI - the percentage of air-launched missile inventory represented
by the missile

AAD - A dummy variable which takes the following values:

0, if the missile is an air-to-surface missile.

J.1, if the missile is an air-to-air missile.

DATA BASE
pI!

QE %
Missile (FY79$K) (FY79Base) AAD

Sidewinder 465 17.6 1
Sparrow 397 17.3 1
Walleye I 176 22.5 0
Walleye II 88 3.6 0
Shrike 324 25.4 0
Standard Arm 90 2.5 0
Phoenix 268 7.3 1
Harpoon 262 3.8 0

One might note that since Quality Evaluation is estimated with the

same independent variables as Fleet Support, the two might be strongly correlated.

This is in fact, true and to express QE as a function of FS makes sense not only

analytically but logically. If the fleets are requiring a lot of on-site support

(FS) for a missile, it obviously follows that many of those problems will be

studied in the QE centers. The relationship is:

1The variable PI has been adjusted from the values shown in Exhibit IV-l to
reflect only those missiles that have Quality Evaluation Funding.

~ * .
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QE - 10.30 + 1.05 FS
(7.36)

- 0.883

S.E.E. - 51.450

Det of X'X - 1.000

F - 54.20

Where,

QE - the annual cost of Quality Evaluation (Fn79$K).

FS - the annual cost of Fleet Support for a particular missile
type (FY79$K).

DATA BASE

QE FS
Missile FY79$K) (FY79$K)

* Sidewinder 465 271
Sparrow 397 271
Walleye 1 176 117
Walleye II 88 52
Shrike 324 192
Standard Arm 90 107
Phoenix 268 170
Harpoon 262 98

8.3d Example Calculation

Assume:

AAD - 1
PI - 20%

QE - 109.569 + 6.785 (20 + 171.660 (1)
"a 417.0 (FY79$K)
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8.4 PROGRAM MANAGEMENT

8.4a Definition - Program Management is the O&S cost of missile-specific

project management both at Systems Command level and below.

8.4b Discussion - Since the bulk of Program Management costs reside in the

procurement phase of life cycle costing, it is important that costs shown in

this element refer only to system activities of an operating or support nature.

These costs are not routinely ccllected but can usually be estimated frcm dis-

cussions with program office personnel. A list of the missile program offices

is given below:

MISSILE PROJECT OFFICES

Number Title Missile T one

PMA 241 F14/Phoenix Phoenix 28283

PMA 242 Defense Suppression Shrike, Standard 23352
Systems ARM, HARM, Wall-

eye I & II

PMA 258 Harpoon Harpoon 23340

PMA 259 Infrared Missiles Sidewinder 20914

PMA 252 Sparrow III Sparrow 28228

PM 3 Tomahawk Tomahawk 28025

8.4c Cost-Estimating Relationship - Program Management costs are computed in

the following manner:

PM - WNPi x CPi

SA
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where,

PM a the annual cost of Program Management (FY79$K).

NPMi = the number of program management personnel in the ith
pay grade

CPi the annual cost of paying one person in the ith pay grade

(FY79$K).

It should be noted that the above equation relates only to direct pay and

allowances of the manpower and has no provision for the overhead or "support

tail." It would be possible to include the manpower with the Handling and

Inspection, Organizational/AIMD Maintenance and Base Operating Support manpower

and use the NARM factors to compute the general support costs. But since Pro-

gram Management personnel are not in the fleet, the NARM factors, which are

based on support of personnel in the fleet, are not appropriate. Just how to

preperly define and compute the total cost of manpower (especially headquarters

manpower) is a subject that is currently being widely discussed and studied.

In the meantime the analyst can estimate this cost heuristically or include

only direct pay and allowances. The sensitivity of total O&S costs to this

topic is very slight.

Direct pay and allowance can be computed - teterning how many indi-

viduals of each rank/grade/step, etc. are involved in O&S activities and mul-

tiplying by the respective rates from a current pay schedule. Typically, a

civilian professional in a project office would hold a grade approximating a

GS 12, Step 5, while a clerical worker would hold a grade approximating a

GS 6, Step 3.

Ai
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8.4d Example Calculation

Assume the following personnel are concerned with O&S program man-

* agement activities:

1 Military Officer $22.1

2 Civilian Professional $24.8

I Civilian Clerical $11.8

PM - 1 x 22.1 + 2 x 24.8 + 1 x 11.8

- 83.5 (FY79SK)
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9. TRANSPORTATION

9a. Definition - This is the cost of Second Destination Transportation which

consists primarily of commercial transportation of missiles or missile sections

from the Naval Weapons Stations to the depots and back. There are also other

reasons which require the transporting of missiles. For example, the current

environment in which certain missile types are in short supply often causes

imbalances between loadout requirements and inventory. These imbalances are

solved by transhipping available missiles to the site where they are required.

9b. Di.. .usion - Curreua pldns call for the transferring of the missile depot

repair capability of NARF Norfolk to NARF Alameda at the end of FY1979. This

will make NARF Alameda the single site for depot repair of air-launched missile

guidance and control sections and will significantly add to the cost of trans-

portation. Unfortunately, the process required to precisely determine commer-

cial transportation costs of missiles and missile sections is quite ccmplicated.

Rates vary with the distance traveled, the type of cargo (explosive components

cost more), the number of hundredweight to be shipped, the level of security

required, the routing of the shipment. and many other considerations. The sit-

uation is further complicated by the fact that in some situations (usually short

hauls) sections are not transported commercially, but by organic Navy vehicles.

It is obvious that an exact representation of how transportation costs

are incurred is much too involved and tedious for the purposes of this model;

therefore, a sample of rates, which have been chosen as representative,

are presented. In addition, factors representing the average cost of inland

I I !
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commercial cargo transportation in the FY77 Budget Justification Material

is given to use in situations where transportation costs need not be esti-

mated with such precision. The analyst should realize that this is a very

generalized factor and is comprised of mostly INERT material. The factor,

$0.1297 per kilogram transported (FY79$K), is taken from Table C-27 of Appen-

dix C, which shows a cost of $42,226 (FY77$K) for transportation of 408,802

short-tons of material. This results in the previously mentioned factor

when escalated to FY79$ and adjusted to metric weight. In addition other

generalized factors based specifically on air-launched missile transportation

costs are given later in this section.

For exercises which require a more detailed analysis of transportation

costs, the reader can refer to Tables C-28 through C-37 of Appendix C. Each

table contains transportation costs quotes from the Military Traffic Manage-

ment Ccc=nand (MTMC) Bayonne, New Jersey. Mr. Norman Roberts of NAVAIR 412

(X-20028) who is the NAVAIR contact for transportation costs was extremely

helpful in obtaining the rate quotes from MTHC and in interpreting them.

Generally speaking, rate quotes were requested for four different

types of material, for one-way trips involving ten combinations of origins

and destinations, and for anumber of different load sizes. Information re-

garding other charges involved in transporting missiles was also requested.

The four types of material with simplified definitions are given below:

Class A Explosive - Explosive material causing maximum hazard such as a missile
warhead or all-up-round.

Class B Explosive - Material which is typified by rapid combustion rather than
detonation such as a missile rocket motor.

Class C Explosive - Devices that contain Class A or Class B explosive material
but in restricted quantities. The Sidewinder guidance and
control unit falls into this class.

1NERT - No explosive material. The Sparrow guidance and control
unit falls into this class.
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The routes which were chosen and the tables which contain the rate

quotes for those routes are given below:

Table Origin Destination

C-28 NWS Concord, CA NOS Indianhead, MD

C-29 NWS Concord, CA NWS Earle, NJ

C-30 NARF Alameda, CA NWSC Crane, IN
C-31 NARv Alameda, CA NWS Yorktown, VA

C-32 NARF Alameda, CA NAS Miramar, CA

C-33 NARF Alameda, CA NWS Seal Beach, CA

';-34 NWS Charleston, SC NARF Alareda, CA

C-35 NWS Yorktown, VA NAPS Alameda, CA

C-36 NWS Yorktown, VA NOS Indianhead, MD

C-37 NWS Yorktown, VA NWS Charleston, SC

Th• routes were chosen to represent as large a portion of actual traffic as

feasible and still demonstrate the many complexities of the rate structure.

Several cross country routes were given (Tables C-28, C-29, C-31, C-34 and

C-35) and the rates are somewhat puzzling. Although the distances were vir-

tually the same, the truckload rate for 38,000 pounds varies more than 40

percent from the low rrite $1.0.32 per cwt. to the high rate $14.75 per cwt.

If one wishes to conpider NWS Concord, CA to NWSC Crane, IN, a cross country

route (2,255 miles) then the rate drops to $5.44 per cwt. Four short routes

were included, two intra-state (C-32 and C-33) and two interstate (C-36 and

C-37). The shorter routes seem to offer a greater variety of rates and those

rates also vary significantly. For example, a truckload of Class A Explosive

material going from NARF Alameda to NWS Seal Beach (417 miles) costs $0.95

per cwt., while a slightly larger truckload going from NWS Yorktown to NOS

Indianhead (170 miles) costs $2.18 per cwt. The rates, which may be affected
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by intrastate vs. interstate considerations or possibly by east coast vs. west

coast considerations do not adhere to a consistent pattern. One might infer

that the volume of traffic is an important factor since shipments to the

Navy Propellant Plant (C-35) seem to enjoy a favorable rate. One route was

requested twice, once with the origin and destination reversed (C-31 and C-35)

to see if that affected the rates. Generally speaking, it did not, although

there is one difference in the truckload rates for INERT material. It had been

learned in discussions with NAVAIR personnel that in some cases rates do vary

over the same routes, when different origins are considered. Two final examples

of puzzling data are contained in Table C-35 where the quoted truckload (TL)

rate was higher than the less truckload (LTL) rate; and in Table C-28 where

the rate for INERT material was higher than for Class A Explosive material.

In summary, it appears that the primary cost influence on transportation

is the size of the shipment, followed by the distance shipped, the type of

material and security required. Obviously, local competitive factors as well

as many other considerations cause abberations in the data, some of which aze

quite significant. The level of security (Signature Security, Dual Driver

Protective Service) is determined by the asset managers and also can be an

important cost consideration. It is up to the user of this manual to select

certain rates as representative for each analysis and use them as estimates.

The analyst is cautioned that the variations in the rate structures havv caused

variations in format in the ten tables (C-28 through C-37) and the reader

should exercise caution in extracting data from them. One final technical

IL
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note is that these tables on transportation (C-28 through C-37) are given in

non-metric units while the rest of the report is metric. The exception was

made in order to avoid confusion in a subject area which is already quite

complicated. Since the Navy and the trucking industry do not use the metric

system in computing or discussing rates, it was not used in this section.

Metriz conversion factors are given at the bottom of each of the tables

containing transportation rates.

Based on Tables C-28 through C-37, other generalized factors were

developed specifically for use with air-launched missiles. The factors are

based on the four and one quarter years data contained in this report. Over

this time span, it was determined that the three Weapons Stations were processing

missiles in the following proportions:

Weapon Station Workload Percent

NWS Yorktown 13,595 50.0%

NWS Concord 5,571 20.5%

HWS Seal Beach 8,002 29.5%

27,168

Workloads for the depots and NOS Indianhead for the same time period were 5,658

and 3,770 respectively. Assuming that the future flow of missiles from the

Weapon Stations is the same as in the past, 2xcept that all missile G&C sections

will go to Alameda, there are basically six routes involved in the computation

of this factor.
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Pricing Reference

Yorktown to Alameda Table C-35

Concord to Alameda Organic Navy

Seal Beach to Alameda Table C-33

Yorktown to Indianhead Table C-36

Concord to Indianhead Table C-28

Seal Beach to Indianhead Table C-28

It is assumed that organic Navy vehicles will provide the transportation from

Concord to Alameda (a distance of 10 miles) and that the rates from Concord

to Indianhead are suitable analogs for the Seal Beach to Indlanhead route.

No charge is made for the former. Costs were ccmputed using the cheapest

truckload rate for Class A Explosive Material with Dual Driver Protective

Service. The factor is computed ae follows:

TL
Min. Weight Security Rate Factor

Oigin % $/cwt (thous.of ibsg) ($1cwU ($/cwt) ($/cwt)

G&C NWS Yorktown 50,0 14.73 42 1.30 16.03 8.02

NWS Concord 20.5 0 .... 0

NWS Seal Beach 29.5 0.95 40 0.63 1.58 0.47

8.49

RM NWS Yorktown 50.0 1.46 40 0.35 1.82 0.91

NWS Concord 20.5 10.32 38 1.36 11.68 2.39 1
NWS Seal Beach 29.5 10.32 38 1.36 11.68 3.45

6.75

The two resulting factors expressed on a per pound basis are $0.0849 for a G&C

section and $0.0675 for a Rocket Motor. In the former case this is the average

cost of a one-way trip from a NWS to NARF Alameda; in the latter, a one-way

trip from a NWS to NOS Indianhead.

I,
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If the analyst wishes to tie this to the reject ratio of G&C

sections at the NWS, it can be expressed as costing $0.260 per pound

(FY79$) in transportation costs for each G&C failure detected at the NWS.

Factor #I Derivation

G&C $0.0849

Rocket Motor 0.6661 x 0.0675 0.0450
0.1299

Return Trip 0.1299

Total $0.260/lb./G&C failure

The second factor is given in order to demonstrate effect on the

rates of shipping in less than truck load (LTL) rates. A situation which

frequently occurs due to the practical pressures of managing the missile 4

inventory. This factor is calculated in tht. same manner as the previous oneexcept

that half of the missile poundage is shipped in dromedary units. All routes

are calculated with Dual Driver Protective Service.

Dromedary
Rate Min. Wt. Security Rate Factor

Origin % ($/cwt) (thous.of ibs) ( )t.

GIC NWS Yorktown 50.0 38.63 2,500 21.84 60.47 30.24

NWS Concord 20.5 - - - 0
NWS Seal Beach 29.5 10.80 2,500 10.09 20.89 6.16

36.40

FM NWS Yorktown 50.0 12.18 2,500 5.72 17.90 8.95

NWS Concord 20.5 36.71 2,500 20.65 57.36 11.76

NWS Seal Beach 29.5 36.71 2,500 20.65 57.36 16.92
37.63

10.666 is a ratio of containerized rocket motor weight to containerized G&C
weight of air-launci:ed missiles shipped from IMA's to Depots as shown in budget
back-up material for the period FY76-78.

I m P IllI I l I ll ll I I IIII • I I N i l ll II Hium-+ ii[ii~ i 1j
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The preceding calculation refers only to the rates for the poundage shipped

in dromedary units. To complete the computation each factor must be averaged

with the corresponding rate from the truckload computation, i.e., the G&C

rate would be (0.0849 + 0.3640) 4 2, or 0.2245 per pound and the RM rate

would be (0.0675 + 0.3763) t 2, or 0.2219 per pound. To complete the example,

the calculations are as follows:

Factor Derivation (2)?

G&C $0.2245

Rocket Motor 0.666 x 0.2219 0.1478
0.3723

Return Trip 0.3723
Total $0.7446/Ilb/G&C failure

All of the preceding discussion refers to transportation by commer-

cial motor freight. Although that is the way the vast majority of missiles

and missile components are currently transported, it is nevertheless possible to

ship by air. The Navy Material Transportation Office, Norfolk, VA, manages contract

air transportation called QUICKTRANS for the Navy, but there are several reasons

why it is less preferred than surface transportation. First, air transportation

of Class A and Class B explosives cannot be accomplished without a waiver of

Federal Aviation Administration regulations. As a practical matter, this is

seldom worth the effort. Class C material can be air-lifted in restricted

quantities. A second problem is the routing of air transportation. Getting

a shipment to and from a QUICKTRANS location can often completely offset the

time savings of shipping by air. Finally, the cost of shipping by 4ir is also

a barrier. Mrs. Swindeck provided a rate of $42.16 per hundredweight for

QUICKTRANS from Norfolk to the West Coast. This is compared to $10.82 for

a less truckload (LTL) of INERT material from IWS Yorktown to NARF Alameda

(Table C-36 of Appendix C).
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Despite this, it has been recently learned that authorization has been

given to ship virtually allG&C units from NWS Yorktown to NARF Alameda by

air (QUICKTRANS). Therefore, a third factor is computed which is similar

to the second one except the G&C rate is computed entirely at the QUICKTRANS

rate for the Yorktown to Alameda route. All others are half-TL and half-LTL.

Rate Security Rate Factor
Origin % (S/cwt) ($/cwt) ($/cwt) ($/cwt)

G&C NWS Yorktown 50.0 42.16 - 42.16 21.08

NWS Concord 20.5 - - - 0

NWS Seal Beach 29.5 5.88 5.36 11.24 3.32
24.40

Rocket Motor (Same as Factor #2) 22.19

Factor 03 Derivation

G&C $0.02440/lb

Rocket Motor 0.666 x 0.2219 0.1478
0.3918

Return Trip 0.3918

Total $0.7836/1b/G&C failure

These factors which are applied to the number of pounds of G&C units

(containerized) detected as failures at the NWS and sent to the depot, estimate

the cost of transportation associated with those sections. They are, of course,

only three of an infinite variety of factor calculations that can be made

from the data in this section. The analyst is free to tailor the assumptions

to each new situation.

, , i i iF • ' i r . . .... "i....• • i
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There is, however, another requirement for transporation - the 1
transhipment of missile and missile sections to meet load-out requirements

and for a number of other reasons. It would be extremely difficult to

obtain data on this type transportation and even more difficult to estimate

future requirements. However, discussions with Mrs. Swindeck (Au8-963-4721) I
of the NWS Yorktown Supply Department indicate that the cost of transhipping

missiles is approximately as great as that of shipping sections to the

repair facilities. Accordingly, each of the three previous factors should

be multiplied by a factor to account for transhipment costs. Assuming the

factor 2 is used, the previous factors are modified as follows:

FACTOR ASSUMPTION REVISED FACTOR

1 All TL rates $0.520/lb/G&C failure

2 One-half TL, One-half LTL(Dromedary) 1.4892/Ib/G&C failure

3 Yorktown to Alameda, QUICKTRANS
All other, same as Factor #2 1.5672/lb/G&C failure

9c. Cost-Estimating Relationship - The analyst can use a generalized factor

or the specific rates in Tables C-28 through C-37 of Appendix C. If the

latter is utilized, then the following information must be obtained

regarding the transportation requirements:

the number of missile G&C sections
requiring transportation to the depot and back.

Lit numbei uZ missile rocket motors requiring transportation
to the depot.

the containerized wights of all sections and AUR's to be shipped.
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"* the number of AUR's requiring shipment to meet loadout
requirements.

". the transportation required for other reasons, e.g., shipment

to Pacific Missile Test Center (PMTC) Pt. Mugu, CA.

"* the quantities, shipment sizes, level of security for all of above.

The analyst can then compute specific shipment costs.

If a generalized factor is sufficiently accurate, the analyst can use

one of the three given in this section, The equations are:

SDT - WL x ASW x 0.5200 (using Factor #1)

SDT - WI. x ASW x 1.4892 (using Factor #2)

SDT - WL x ASW x 1.5672 (using Factor "3)

where,

SDT - the annual cost of Second Destination Transportation (FY79SK)

WL - the depot workload; ie., the number of G&C sections processed.

ASW - the unit containerized weight of the G&C unit (in thousands of
pounds)

(See Exhibit !11-5 for containerized weights of missiles

currently in the inventory.)

9d.l Example Calculation 1:

Assume: Generalized Factor #3 is appropriate:

WL - 144 G&C Sections

ASW - 0.228 pounds

SDT - 144 x 0.228 x 1.5672

a 51.5 (IY79$K)
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EXHIBIT 111-5

WEIGHTS OF AIR-LAUNCHED MISSILES
(pounds)

Missile/Section Weight of Units per Unit Contain-

Weight Container Container arized Weight

Phoenix (AGM-54A)

AUR 985 580 2 1,275

Guidance 146 64 1 228

Control 116 26 1 142

Propulsion 465 370 1 835

Shrike (AGM-45A, B)

AUR 375 500 3 542

Guidance 96 41 1 137

Control 33 33 1 66

Propulsion 162 140 1 302

Sidewinder (AIM-9G, 11)

AUR 190 520 4 1,320

Guidance & Control 44 67 2 78

Propulsion 99 30 1 129

Sparrow (AIM-7E)

AUR 500 695 3 2,732

Guidance & Control 156 135 1 291

Propulsion 156 124 1 280

Standard (AGM--78D)
AUR 1,370 680 1 2,050

Guidance 77 150 1 277

Control 76 68 1 144

Propulsion 724 268 1 992

Walleye I

AUR 1,100 725 2 1,463

Guidance 102 118 1 220

Control 119 118 1 237

Metric Conversion: 1 pound - 0.453 kilograms
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9d.2 Example Calculation 2: (Using modified Factor #2)

Assume:

IMA Annual Workload - 1,500 missiles

IMA Reject Ratios (G&C) 0.22

IMA Reject Ratio (RM) - 0.05

G&C Containerized Weight - 0.228 pounds (K)

RM Containerized Weight - 0.900 pounds (K)

WL - 330 (1,500 x 0.22)

Recompute Rocket Motor Factor:

G&C Poundage - 1,500 x 0.22 x 0.228 - 75.24 (K)

RM Poundage - 1,500 x 0.05 x 0.900 67.50

RM Factor - 67.50 + 75.24 - 0.897

Factor #2 is revised as follows:

G&C $0.2245/Ib/G&C failure

Rocket Motor 0.897 x 0.2219 0.1990
0.4235

Return Trip 0.4235
0.8470

Transhipment Costs 0.8470
$1.6940/lb/G&C failure

SDT - 330 x .228 x 1.6940

- 127.5 (FY79$K)
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10. RECEIPT, SEGREGATION, STORAGE AND ISSUE (RSSI)

10a. Definition - This is the cost of personnel and material required for

the on-loadings and off-loadings of ships, movement and handling of missiles

to and from storage depots and NWS's, and storage of missiles.

10b. Discussion - The Naval Weapons Support Center, Crane, Indiana, maintains

cognizance over the RSSI program and annually publishes a RSSI, Forecast of

Requirements. The data contained in Table C-38 of Appendix C is from the

Forecast of Requirements dated April 6, 1978. Since the RSSI functions sup-

port many other weapons and/or types of ammunition it is important to identify

the costs incurred specifically for air-launched missiles. The Forecast of

Requirements does identify the cost of receipts and issues for air-launched

missiles, but the cost of on-loading and off-loading must be allocated. The

procedure used to obtain the data in Table C-38 for on-loading and off-loading

was to compute the average cost per ton for AO/AOE's and/or carriers and apply

the cost per ton respectively for on-loading to issue tonnage and the cost per

ton for off-loading to receipt tonnage. Mr. Wimmenauer of NWSC, Crane, (autovon

482-1308),who supplied the data and recommended the allocation procedure, is

the expert on RSSI.

10c. Cost-Estimating Relationship - Although RSSI costs are not identifiable

at this time to a particular type missile, an estimate can be obtained using

the average cost per ton data contained in Table C-38 (Avg. - 0.29 per ton,

FY795K). The equation is as follows:

RSSI - NT x 0.29

NT - NWSWL x WM
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where,

RSSI - the annual RSSI cost for a particular missile type (FY79$K).

NT - the number ,•f short tons to be handled by the RSSI department.

NWSWL - the annual NWS workload; i.e., the number of missiles of a
particular type which undergo NWS maintenance in a year.

WM - the containerized weight per missile (short tons).

10d. Example Calculation

Assume: 4 missile per container, total weight 0.900 short tons

NWSWL = 1199 missiles

WM - 0.225 short ton

RSSI - 1199 x 0.225 x 0.29

- 78.6 (FY79$K)

Note: 1 short ton 2,000 pounds - 907 kilograms
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11. REPLACEMENT TRAINING

Ila. Definition - This is the variable cost of recruit and technical training

including:

"o the pay of personnel in training who ril replace missile
operations, below-depot maintenance and installation support
personnel,

"o the cost of their instruction,

"o the pay of instructor personnel.

llb. Discussion - This cost may be estimated utilizing the factors in the

Navy Resource Model (NARM) Program Factors Manual, which were developed by

summing all of the costs of the students and two-thirds the cost of staff

personnel and operating funds for the program elements shown belcw and alloca-

ting them to weapons systems on the basis of their personnel demands.

81114N Flight Training
81111N Recruit Training
81112N Specialized Training
81113N Professional Training
24633N Fleet Support Training
88097N Administrative Support Training

As with Base Operating Support, the factors used to compute this cost are not

explicitly identified in the narrative of the Navy Program Factors Manual, al-

though those factors used ir the 31 August 1977 Factors Manual are given in

this report. information on subsequent revisions can be obtained from Ms. Ruth,

Op-901 (X-55038).

llc. Cost-Estimating Relationship - The equatioi.s are:

TO - 0.0001 DBE + 0.0028 DBT + 0.0b13 DBO

TE = 0.1036 DBE + 0.0233 DBT + 0.0067 DBO
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TOM - 0.0041 DBE + 0.3377 DBT

TRT - (TO x OPR) + (TE x EAIR) + TOM

where,

TO w the number of training officers required to support the
weapon system.

DBE - the number of direct en' . d plus base operating enlisted
(defined and computed in aection III, 5c.) required to sup-
port the weapon system.

DBT - the number of tota4. (officer and enlisted) personnel, direct
and base operating (defined and computed in Section III, 5c.)
required to support tba weapon system.

DBO - the number of direct officers plus base operating officers,
(defined and computed in Element 5) required to support the
weapon system.

TE - the number of training enlisted required to support the
weapon system.

TOM - training O&M funds. (FY79$K)

TRT - Lotal replacement training costs. (FY79$K)

OPR - officer pay rate. (FY79$K 22.141)

EPR - enlisted pay rate. (FY79$K - 9.517)

lld. Examale Calculation

Assume:
DBE - 6.0

DBT - 6.0

DBO - 0

TO - 0.0001(6.0) + 0.0028(6.0) + 0.0613(0)

- 0.02 - 0.0 officerq

"rE = 0.1036k6 C) + 0.0233(6.0) + 0.0067(0)

a 0.7 enli'

TOM - 0.0046.1- + 0.3377(6.0)

- 2.1 O&M funds (FM795K)

TRT - (0 x 22.1) - (0.7 x 9.5) + 2.1

- 8.8 (FY795K)
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12. HEALTH CARE I
12a. Definition - Health Care is the cost of providing medical support to

missile operations, below-depot maintenance and base operating support

and training pipeline personnel including:

o the pay of medical personnel who provide this support,
IJ

o the cost of medical material.

12b. Discussion - The NARM estimates this cost by summing two-thirds (2/3) of

the cost of medical operations and adding the pay of patients. The program

elements are:

81211N Hospitals
81212N Medical Centers
81216N Other Medical Activities
81213N Patients

As with Base Operating Support and Replacement Training, the factors used to

compute this cost are not explicitly identified in the narative of the Factors 4

Manual. Those factors used in the most recent edition, 31 August 1977, are

given in this report and subsequent revisions can be obtained from Ms. Ruth, I

op-901 (X-55038). 1
12c. Cost-Estimating Relationship - The equations are:

HO - 0.0092 D"T A

HE - 0.0182 DBT I
HOM - 0.4148 DBT

HT - (HO x OPR) + (HE x EPR) HOM

whe ie, I|
HO a the number of health care officers necessary to support the

weapon system.
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DBT - the total number of personnel, officers and enlisted,
direct plus base operating required to operate and pro-
vide base support to the missile system (from Section III, 5c.)

HE - the number of health care enlisted necessary to support
the weapon system.

HOM - the health care O&M funds necessary to support the
weapon system.

HT - the total cost of health care necessary to support the
weapon system. (FY79$K)

OPR - officer pay rate (FY79$K - 22.141)

EPR - enlisted pay rate (FY79$K 9.517)

12d. Example Calculation

Assume: DBT - 6.0 (from Element 5, Section III, 5d.)

HO - 0.0092(6.0)

- 0.1 officer

HE - 0.0182(6.0)

W 0.lenlisted

HOM - 0.4148(6)

0 2.3 O&M (FY79$K)

HT - (0.1x 22.1) + (0.1x 9.5) + 2.5

- 5.7 (FY79$K)
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13. PERSONNEL SUPPORT

13a. Definition - Personnel Support is comprised of two parts. The first part

consists of the costs incident to the Permanent Change of S:ation (PCS) of

missile operation and below-depot maintenance personnel, either individually

or as an organized unit, and base operating support personnel. PCS is the

cost of duty station rotation for all squadron and supporting personnel. The

second portion is the cost of recruiting and examining activities and the cost

of transient personnel and prisoners.

13b. Discussion - PCS rates are figured in the Navy Resource Model by dividing

the total PCS cost by the number of personnel, producing an annual PCS cost per

person (officers/enlisted). This is applied to the number of personnel opera-

ting and supporting the missile system to obtain an estimate. The ot)-er costs,

recruiting and examining, transients and prisoners, are estimated by the NARM

by summing two-thirds (2/3) of the cost of recruiting and examining activities and

all of the costs associated with transients and prisoners; and allocating these

costs to the weapon system on the basis of the number of personnel. The pro-

gram elements are giveui below:

81412N Recruiting and Examining
81411N Prisoners
81415N Transients

13c. Cost-Estimating Relationship - The equations for estimating Personnel

Support are:

PCS - 1.4515 DBO + 0.4615 DEE

REOM - 0.0889 DBE

REO - 0.0009 DBE

REE - 0.1036 DBE
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I
I

PE - 0.0119 DBE

TOT - 0.0584 DBT I
TET - 0.0433 DBE

TPA - REOM + (REO + TOT) x OPR + (REE + PE + TET) x EPR + PCS

where,

PCS - the annual cost (MPN funds) of PCS for weapon system
direct and base operating personnel. (FY79$K)

DBO - the total number of officer personnel, direct plus base
operating, required to operate and provide base support
to the missile system (from Section III, 5c.)

DBE - the total number of enlisted personnel, direct plus base
operating, required to operate and provide base support 4

to the missile system (from Section III, 5c.)

REOM - recruiting and examining O&M funds. (FY795K)

REO - the number of recruiting and examining officers necessary
to support the weapon system.

REE - the number of recruiting and examining enlisted necessary
to support the weapon system. I

PE - the number of enlisted prisoners.

TOT - the number cf officers in transit.

DBT - the total number of personnel, officers and enlisted,
direct plus base operating, required to operate and provide
base support to the missile system (from Section III, 5c.)

TET - the number of enlisted personnel in transit.

TPA - the total cost of Personnel Support. (FY79$K)

OPR - officer pay rate. (FY79$K - 22.141)

EPR - enlisted pay rate. (FY79$K 9.517)

13d. Example Calculation

Assume:

DBO - 0.0 off.'cere
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I

DBE - 6.0 enlisted

DBT - 6.0 total personnel

PCS - 1.4515(0) + 0.4615(6.0)

m 2.8 MPN funds (FY79$K)

REOM - 0.0889(6.0)

0.= 0&M funds (FY795K)

REO - 0.0009(6.0)

a 0.0 officers

REE - 0.1036(6.0)

- 0.6 enlisted

PE - 0.0119(6.0)

a 0.1 enlisted

TOT - 0.0584(6.0)

= 0.4 officers

TET - 0.0433(6.0)

- 0.3 enlisted

TPA a 0.5 + (0.0 + 0.4) x 22.1 + (0.6 + 0.1 + 0.3) x 9.5 + 2.8

- 21.6 (Ff79$K)
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14. REPLENISHMENT SPARES

14a. Definition - This is the cost of procuring missile spares and repair

parts which are normally repaired and returned to otock. In addition, this

cost can include procurement of stock levels that are not provided by initial

spares procurement. Repairable items are identifiable by the Aviation Supply

Office (ASO) cognizance (COG) codes 6E (air-launched missile, non-explosive

components) and 4E (air-launched missile, explosive components).

14b. Discussion - The requirements for 6E COG items are determined by the

Inventory Control Point (ICP) which is the Ships Parts Control Center (SPCC),

Mechanicsburg, Pennsylvania, through line-item stratification.* Usage rates,

demand/issue data, carcass-return-rates, procurement lead times, and other

factors are incorporated into the analysis to estimate the annual requirements

for each Nationally Stock Numbered (NSN) item. 4E COG items are handled in

similar fashion but tend to be heavily dependent on age-of-component consider-

ations as opposed to observed failures.

Data for Replenishment Spares was obtained from Ms. Savage (X-20239)

of NAVAIR 4123 and are shown in Tables C-39 and C-40 of Appendix C. The reader

is cautioned that Replenishment Spares costs are extremely changeable and can

vary significantly from missile to missile and from year to year depending on

variation in the factors mentioned in the preceding paragraph. As an example,

the following table p;sents two estimates of the costs of 6E COG Replenishment

Spares for the fiscal year 1980. The first column presents the costs as they

were estimated in support of the 1979 Program Objective Memorandum (POM 79);

and the second, as they were estimated for POM 80.

*For more information on this process, refer to DOD Instruction 4140.24.
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6E COG Replenishment Spares for FY80

POM79 POM80
Missile (FY79$K) (FY79$K)

Sidewinder 730 1,423
Sparrow 774 384
Shrike 59 604
Standard Arm 171 402
Phoenix 455 203
Harpoon 703 77

14c. Cost-Estimating Relationship - Keeping in mind the changeability of

these costs, one can estimate the annual cost of Replenishment Spares with

the following equation:

RS - 151.912 + 55.220PI
(5.53)

R2 - 0.86

S.E.E. - 242.871

Det.ot X'X - 1.000

F - 30.624

where,

RS - the annual cost of Replenishment Spares (4E COG and 6E COG)
for a particular type missile. (FY79$K)

PI - the percent of the missile inventory comprised by the
particular missile.

DATA BASE

RS Pi 1

(FY82)

Missile •Y79$K) iY82)

Sidewinder 1,401 23.0
Sparrow 2,034 33.1
Standard Arm 163 3.9
Phoenix 769 16.4
Harpoon 1,073 13.1
HARM 756 6.2

IThe variable PI has been adjusted from the values shown in Exhibit IV-I to

reflect only those missiles that have Replenishment Spares funding.

=,
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14d. Example Calculation

Assume:

PI - 18.5 (avg. of life cycle)

RS - 151.912 + 55.220(18.5)

- 1173.5 (FY79$K)

1

o.
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15. MODIFICATIONS

15a. Definition - This is the cost of modifying missiles, missile support

equipment, and training equipment that are in the operating inventory to make

them safe for continued operations, to enable them to perform their missions

and to improve reliability to reduce maintenance cost. This includes labor,

modification kits, and consumable material.

15b. Discussion - Data for the cost of procuring modification kits or material

was obtained from the WPN Budget and are shown in Table C-41 if Appendix C.

Generally the procurement of Modifications is funded with WPN by the specific

program office responsible for the missile and depends on a myriad of factors

such as threat considerations, maintainability, safety, etc. Installation of

Modifications,which is funded by O&MN and takes place at the depots and some-

times the NWS's,is dependent on the amount and kind of modification material

that has been procured and is available for installation. Installation data

from the FY78 and FY79 budget submissions is contained in Table C-42.

15c. Cost-Estimating Relationship - For some missile programs, the planned

modifications kits or components may be specified in sufficient detail so that

unit procurement and installation costs can be estimated using conventional

procurement estimating methodology. In these cases, the analytical represen-

tation of the cost of Modifications would be:

M - NMK x CKK + NMI x CI

where,

M - the annual cost of Modifications for an air-launched missile
type. (FY79$K)
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NM the annual number of modification kits to be procured.I

CMK a the unit cost of a modification kit. (FY79$K)

NMI - the annual number of modification kits to be installed.

CI - the unit cost of installing a modification kit. (FY79$K)

For most missile programs still in development, there are no planned

modifications and the analyst is forced to make an estimate with no supporting

program information. Data from Tables C-41 and C-42 for the years FY78 and

FY79 are summarized below to serve as guidelines or possible analogs. a

Modification Costs (FY79$K)

FY78 FY79
Proc. Install Total Proc. Install Total

Sidewinder 0 5 5 300 10 310
Sparrow 750 659 1,409 1,725 626 2,351
Walleye I 0 0 0 0 0 0
Walleye II 0 0 0 0 0 0
Shrike 0 0 0 700 0 700
Standard Arm 0 15 15 0 15 15
Phoenix 2,170 169 2,339 5,214 169 5,383
Harpoon 0 0 0 0 0 0Harm 0 0 0 0 0 0 i

15d. Example Calculation

Assume example missile has Modifications costs comparable to the FY79

Sidewinder experience.

M = 310 (FY795K)



16. REPLENISHMENT GROUND SUPPORT EQUIPMENT (RGSE)

16a. Definition - Replenishment Ground Support Equipment (RGSE) is the cost

of procuring missile ground servicing equipment, maintenance and repair shop

equipment, instruments and laboratory test equipment, and other equipment items.

These equipment demands are generated by a need to: (1) replace peculiar sup-

port equipment bought using procurement funds; (2) obtain common off-the-shelf

ground equipment that are needed to support missile operations; and (3) re-

plenish common ground equipment that is no longer useable.

16b. Discussion - These items are funded by the program office but unfortu-

nately it is sometimes impossible to distinguish replacement items from initial

items, therefore no data is currently available. Discussions with NAVAIR per-

soniel indicate that RGSE costs for air-launched missiles are small. Items

bought to be used in handling at the organizational level are relatively in-

expensive and the expensive test sets at the NWS's and depots are seldom re-

placed entirely.

16c. Cost-Estimating Relationship - One method of estimating this cost is given

below. It was developed from an OSD analysis of RGSE for all types of weapon

systems.

RGSE - 0.0025 x WL x CAC1 0 0 0

where,

RGSE - the annual cost of Replenishment Ground Support Equipment.
(FY79$K)

WL - the annual depot workload (computed in Element 6, Sec.III, 6c.)

CAC 1 00 0  a the cumulative average hardware cost of the first one
thousand missiles procured. (FY79$K)
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16d. Example Calculation:

Assum~e:

WL - 144 (frum Element 6)

CAC -00 145 (from Element 6)

RGSE a 0.0025 x 144 x 145

a52.2 (FY79$K)



IV. DATA BASE
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This section contains the data which were used in the cost-esti-

mating relationship (CER) development including all independent or explana-

tory variables. The compilation of these data will enable the reader to continue

CER development as new data become available in the future. It is important

to point out some of the classical problems of CER development which were

encountered in this study and will undoubtedly be encountered in future mis-

sile CER development.

The initial problem is the small data base, having at most eight

observations. "No degree of sophistication.in the use of advanced mathematical

statistics can compensate very much for a seriously deficient data base."*

Although this data base is not "seriously deficient," it does limit the flexi-

bility of the analysts to make corrections for other data problems and still

perform extensive statistical analyses. The other data problems which are

also discussed by Fisher in the cited reference are temporal and comparability

problems. The former is a group of problems that arise because information is

collected over time; the first of which, adjusting for price level changes, is

not too difficult to handle. OSD indices which are given in Seutlon III were

used to adjust all costs to FY79 dollars. A second temporal problem is the

fact that formats and reporting requirements have changed over timc, thus

making it difficult or impossible to obtain each desired datum for every time

period. This results in CER's which are based on data from slightly different

time spans. This brings us to the third temporal problem, that of the quickly

*Fisher, Gene H., Cost Consideraticns in Systems Analysis, Anerican Elsevier
Publishing Co., Inc., New York, 1971, p. 123.
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changing environment, both in hardware and in organizational and operational ii

concepts. This makes it important to collect as many observations as possible

which reflect the same environment, or to explicitly present environmental

factors as dependent variables. Both are difficult to do with the small pop-

ulation of air-launched missile types.

The second gi uip of problems is concerned with comparability and

there are many comparability considerations to be made for this data base.

The most obvious one is the case of the Walleye I and I1, which are unpowered

weapons. This is the reason that a CER was included in the Depot Maintenance

section which estimates only G&C repair c,,st. The Harpoon aissile also pre-

sents a comparability problem since it contains a small jet engine rather than

a rocket motor; the Sidewinder missile is another, since under the current

maintenance philosophy none of the G&C components are repairable. Standard

Arm is yet another, because the small number in the inventory results in an

unusually high unit cost. There are other comparability problems as well -

some maintenance is done commercially rather than within the Navy; and some

missile systems are just entering the inventory while others are being phased

out.

The purpose of mentioning these problems is to alert the user to

their presence and the fact these problems might result in a CER of a form

which is contrary to a rational causal relationship (e.g., a negative intercept

or slope). Analytical corrections of observations is very subjective and would

require extensive research, and to remove the questionable observation is dls-

advantageous because of the small size of the data base. For the statistical

I
I]
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CER's contained in this report, an examination of the residuals was made to

determine any obvious signs of temporal or comparability problems. Generally,

ad hoc adjustments would not have improved the CER's but, again, the user is

alerted to make these considerations when future data is analyzed.

The data used for CER development is contained in Exhibits IV-I and

IV-2. The latter contains Renlenishment Spares data and the associated explan-

atory variables which were investigated; while the former contains NWS, Depot,

Quality Evaluation, Fleet Support, and Engineering Support costs and explana-

tory variables. Exhibits IV-3 and IV-4 contain the correlation matrices for

the data in Exhibits IV-I and IV-2 respectively, and Exhibit IV-5 contains a

definition for eac variable in ExhibitslV-i and IV-2.

M.

&
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EXHIBIT IV-1

DATA BASE FOR COST-ESTIMATING RELATIONSHIPS

1 2 3 4 5 6 7 8
DUC NWS IRR D L LW LWO LWOP

Missile (FY79$K) (FY79$K) ( m (m. (kg) jhgj (k.)

Sidewinder 3.59 1.069 0.13 0.128 2.90 85 77 32

Sparrow (AIR) 3.97 1.837 0.30 0.204 3.66 227 200 129

Walleye I 2.19 1.154 0.07 0.381 3.44 510 225 225

Walleye II 2.85 1.343 0.09 0.457 4.04 1,089 182 182

Shrike 1.12 1.358 0.22 0.204 3.05 181 137 63

Standard Arm 15.35 3.483 0.30 0.335 4.54 615 548 220

Phoenix 6.90 1.765 0.24 0.381 3.96 447 421 211

Harpoon 5.94 2.669 0.19 0.335 3.81 530 375 322

9 10 11 12 13 14 15 16
79QE QE FS ES4 ES5 ES DDG YS

Missile (rY79$K) (FY79$K) (FY79$K) (FY79$K) (FY79$K) (FY79$K) (FY79$K) (Mach)

Sidewinder 480 465 271 742 689 1 431 2.1 4.0

Sparrow (AIR) 399 397 271 853 358 1 241 3.1 2.5

Walleye I 142 176 117 276 71 347 1.8 1.0

Walleye II 71 88 52 145 36 181 2.5 1.0

Shrike 337 324 192 439 218 657 1.3 2.0

Standard Arm 119 90 107 433 276 709 9.4 2.0

Phoenix 390 268 170 509 238 747 8.7 5.0

Harpoon 315 262 98 703 154 857 4.1 0.8

Note: See Exhibit IV-5 for definitions.
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EXHIBIT IV-1 (cont'd.)

DATA BASE FOR COST-ESTIMATING RELATIONSHIPS

17 18 19

P179 CAC1 000 AAD
Missile % (FY79$K)

Sidewinder 14.30 35.4 1

Sparrow (AIR) 14.10 129.6 1

Walleye I 18.30 47.3 0

Walleve II 2.90 56.1 0

Shrike 20.60 48.7 0

Standard Arm 2.00 222.0 0

Phoenix 5.90 335.2 1

Harpoon 3.10 340.9 0

Nid

Note: See Exhibit IV-5 for definitions.
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EXHIBIT IV-2

DATA BASE FOR REPLENISHMENT SPARES COST-ESTIMATING RELATIONSHIPS

20 21 22 23 24 25 26 27

RS79 RS80 RS84 P179 DUC CAC o00 AAD LWO
Missile (FY79$5) _(FY791M) (FY79$M) X (FY79$K) (FY79$K) ___

Sidewinder 2.60 3.17 2.87 14.3 3.54 35.4 1 77

Sparrow (AIR) 0.77 0.59 0.56 14.1 3.97 129.6 1 200

Shrike 0.72 0.83 0.76 20.6 1.12 48.7 0 137

Standard Arm 0.27 0.41 0.38 2.0 15.35 222.0 0 548

Phoenix 0.10 0.20 0.33 5.9 6.90 335.2 1 421

Harpoon 0.20 0.31 0.38 3.0 5.94 340.9 0 375

Harm 0.00 0.00 0.28 0.0 4.64 105.0 0 284

28 29 30 31 32 33 34 35

P180 PI RS82 NWSWL 8ORS RS IV80 IN82
Missile % % (FY79$K) (thous.msl.)(FY79$K)(FY795K) (FY79VM) (FY79$M)

Sidewinder 12.4 10.7 2.880 1.63 1,395 1,401

Sparrow (AIR) 15.8 15.4 606 1.43 833 2,034

Shrike 18.5 17.9 702 0.96 285 276

Standard Arm 1.8 1.8 391 0.08 163 163

Phoenix 6.1 7.6 246 0.97 428 769

Harpoon 4.0 6.1 588 0.00 893 1,073

Harm 0.1 2.9 102 0.00 0 756

Note: See Exhibit IV-5 for definitions.
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EXHIBIT IV-3

CORRELATION MATRIX FOR DATA IN EXHIBIT IV-1

2 3 4 5 6 7 8 9 11

2 .A9 2 1.000
3 .583 .650 1.000
4 .196 .191 -. 296 1.000
5 .768 .756 .379 .689 1.000
6 .201 .210 -. 3325 .899 .693 1.000
7 .877 .868 .521 .482 .842 .328 1.000
8 .404 .575 .004 .735 .679 .570 .717 1.000
9 -. 256 -. 256 .298 -. 766 -. 597 -. 841 -. 321 -. 470 1.000

10 -. 421 -. 404 .161 -. 872 -. 755 -. 878 -. 551 -. 612 .949 1.000

11 -. 247 -. 331 .339 -. 887 -. 617 -. 888 -. 458 -. 720 .856 .919
12 .055 .162 .516 -. 730 -. 286 -. 724 -. 066 -. 190 .827 .806
13 .078 -. 103 .a.32 -. 936 -. 4,56 -. 722 -. 286 -. 649 .737 .767
14 .071 .042 .420 -. 845 -. 396 -. 787 -. 180 -. 43:3 .854 .856
15 .385 .734 .596 .334 .770 .201 .912 .442 -. 112 -. 371
16 .118 -. 176 .317 -. 367 -. 174 -. 499 .022 -. 429 .682 .525
17 -. 663 -. 660 -. 184 -. 585 -. 833 -. 676 -. 691 -. 633 .3P.3 .552
18 .569 .674 .497 .317 .576 .117 .804 .705 .131 -. 147

19 -. 077 -.274 .287 -. 483 -. 259 -. 543 -. 196 -. 429 .776 .715

11 12 13 14 L5 16 17 18 19

11 1.000
12 .7T54 1 .000

13 .818 .696 1.000
14 .850 .934 .906 1.000
15 -. 215 .019 -. 013 .005 1.000

16 .622 .389 .643 .549 .39:3 1.000

17 .585 .125 .234 .191 -. 670 .064 1.000

8 --. 236 .286 -. 158 .091 .746 .202 -. 655 1.000

19 .793 .648 .701 .729 .133 .946 .141 .094 1.000

I,!
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EXHIBIT IV-4

CORRELATION MATRIX FOR DATA IN EXHIBIT IV-2

20 21 22 23 24 25 26 27 28 29

20 1.000
21 .991 1.000
22 .983 .996 1.000
23 .396 .370 .293 1.0)00
24 --. 344- -. 292 -. 317 .151 1.000
25 -. 609 -. 560 -. 564 -. 439 .494 1.000
26 .509 .460 .46P .035 -. 230 -. 052 1.000
27 -. 708 -. 649 -. 660 -. 171 .974- .7f7 -. 3:30 1.00')28 .529 .449 .402 .599 -. 645 -. 545 .397 -. 748 1.000
29 .409 .326 .285 .479 -. 727 -. 487 .356 -. 745 .983 1.00030 .992 1.000 .997 .351 -. 306 -. 563 .470 -. 660 .4-47 .32631 .737 .673 .653 .413 -. 506 -. 467 .833 -. 694 .05 .74732 .781 .762 .750 .064 -. 325 -. 105 .599 -. 504 .411 .34733 '3.i .. 14 .321 -`2 - --. 412 -. 119 .686 -. 468 .346 .35534 -. 193 -. 253 -. 285 -. 055 -. 159 .4993 .555 .074 .361 .4,835 -. 346 -. 377 -. 392 -. 313 -. 117 .696 .405 .214- .121 .217

30 31 32 33 34 35

3n 1.000 

-

31 .678 1.000
32 .767 .621 1.000
33 .332 .564 .703 1.000
34 -. 249 .3.96 .252 .461 1.000
35 -. 372 .14-9 .198 .373 .94.7 1.000
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EXHIBIT IV-5

DEFINITIONS OF DATA ELEMENTS IN EXHIBITS IV-l and IV-2

Number Abbr. Definition

1 DUC the total depot unit cost for a particular type missile (FY79$K)

2 NWS the unit cost of NWS maintenance (FY79$K)

3 IRR the intermediate reject ratio, i.e,, the percentage of missiles
processed by the NWS which are determined to be failures and
are sent to the depot for repair.

4 D the missile diameter (meters)

5 L the length of the missile (meters)

6 LW the launch weight of the missile (kilograms)

7 LWO the launch weight of the missile less the ordnance weight
(kilograms)

8 LWOP the launch weight of the missile less the ordnance and
propulsion weights (kilograms)

9 79QE the annual cost of Quality Evaluation for FY79 (FY79$K)

10 QE the average annual cost (FY77-79) of Quality Evaluation (FY79$K)

11 FS the average cost (FY76-79) of Fleet Support (FY79$K)

12 ES4 the average cost (FY76-79) of Engineering Support funded by
NAVAIR 4104 (FY79$K)

13 E55 the average cost (FY76-79) of Engineering Support funded by
NAVAIR 510) (FY79$K)

14 ES the average cost (FY76-79) of total Engineering Suport - the
sum of 13 and 14 (FY79$K)

15 DGC the depot unit cost of rework of a missile G&C section.
(This does not include repair of G&C repcArables.) (FY79$K)

16 MS the maximum speed of the missile during free flight (Mach)

17 P179 the percentage of the inventory represented by each missile
in FY79

18 CAC1 0 0 0  the cumulative average cost of the first one thousand missiles
procured (FY79$K)

19 AAD a dummy variable which is equal to 1 for air-to-air missiles,

and 0 for air-to-ground missiles

20 RS79 the annual cost of Replenishment Spares in FY79 as shown in POM
80 (FY79$M)

-



114

EXHIBIT IV-5 (cont'd.)

Number Abbr. Definition

21 RS80 the annual cost of Replenishment Spares in FY80 as shown in
POM80 (FY79$M)

22 RS84 the annual cost of Replenishment Spares in FY84 as shown in
POM80 (FY79UM)

23 P179 the percentage ot the inventory represented by each missile
in FY79

24 DUC the total depot unit cost for a particular type missile (FY79$K)

25 CAC10 00  the cumulative average cost of the first one thousand missiles
procured (FY79$K)

26 AAD a dummy variable which is equal to 1 for air-to-air missiles,
and 0 for air-to-ground missiles

27 LWO the launch weight of the missile less the ordnance weight
(kilograms)

28 P180 the percentage of the inventory represented by each missile in
FY80

29 PI the percentage of the missile inventory represented by each
missile in FY82

30 RS82 the annual cost of Replenishment Spares in FY82 as shown in
POM8O (FY79$K)

31 NWSWL the annual NWS workload based on FY79 (thousands of missiles)

32 8ORS the annual cost of Replenishment Spares in FY80 as shown in
POM79 (FY79$K)

33 RS the annual cost of Replenishment Spares in FY82 as shown in
POM79 (FY795K)

34 IV80 the inventory value of each missile based on FY80 inventory
(FY79$M)

35 IV82 the inventory value of each missile based on FY82 inventory
(FY79$M)
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OFFICE 0` THE SEC.EARY OF DEFE14SE 117
-~ - -~ )ASMI4NGION. 0. C. 202.JI

August 311, 1977

cMEMOANWDUM FOR THE COST ANALYSIS I1MVROVEPENT GROUijP (CAIG) AND
t ~VAr*I0SC TASK FORCE

SUBJECT: Weapon System Operating and Support Cost Element Structures
and Definitions

As you know, we hav~e been working with the Services and the OSD
staff for some time to develop CAIG operating and support costing
structures for :;elected weapon classes.

Enclosed are aircraft, ship, comb_ýat vehicle and air-launched
tactical missile cost element structures and definitions. The aircraft
st'ructure represents a modification to the structurc. contained in the
.'ay 1974 CAIG O&S cost develo~ment cuid Io aicf sytms h
shijp, combat vehicle and taztic:! missile structures have not been
previously issued.

EffIective imnediatelly, these new structures will be used -y'-n
preparing and submitting O&S cost estimates of these weapon classes to
the CAiG/DSA'RC and as the basis for collecting O&S cost- data ur~der 301.'s

Vr^>'O05 Task.

Our current schedule calls for issuing a revised CAIG aircrafth
guide this fall; ship, combat vehicle and missile gui~f- wi'l follow
early next year. These new guides will contain the enclosed cost,
structures and incorporate many of the analysis provisions an't reporting

fomas contained in the "Guidelines for Analysis" developed forth
CAIG b- the Logistics tI'anagement Institute (LMI) . P~Articular atten-:,-n
shnuld be paid to; the System Pýrocram Definition S)tatenment; the require-
ment for a pre-CAIG meeting to determine, the groundrules for tý,e OI&S

cost arnaiysis to be conducted for t-he nSAP.C/CMAG; and the mnaintenance
sizing met-hodology. i

I recommend a thorough revi1ew of the I-iguidelines no,..: as a
preview of forthcoming CA`IG/DSt`P.C and OSO weapon systems aralysis
requirements. If you have not received copies of the LMI reoorts,
please contact Frank Swofford at. extension 52512.

O~ c,,



Finally, I ask that Service CAIG representatives distribute the new
cost structures to their respective system command and program manager
organizations. It is important to obtain future PM cost estimates in a
form consistent with those prepared by the independent cost teams.

4 Milton A.
Chai rman

OSD Cost Analysis Improvement Group

Enclosures (4)

_÷d
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AIR-LAUNCHED MISSILE OPERATIING AND SUPPORT
CO0ST ELEM"U"I,, S.RUC-.;.'

301 Operations
301.1 Operational Training
301.2 Handling and Inspection V
301.3 Personnel Support •-.

302 Below Depot Maintenance
302.1 Missile Maintenance M-Ianpower
302.2 Munition Maintenance Manpower
302.3 Maintenance.Mater:Yel
302.4 Personnel Support 1

303 Installations Support
303.1 Base Operating Su'pport
303.2 Real Property .1Hintenance.
303.3 Personnel Support

304 Depot Maintenance
304.1 Manpower
304.2 Materiel

305 Depot Supply Support
305.1 Equipment Distribution
305.2 Equipment Management
305.3 Technical Support

306 Second Destination Transportation

307 Personnel Support and Training
307.1 Individual Training
307.2 Health Care
307.3 Personnel Activities
307.4 Personnel Support

308. Sustaining Investments
308.1 Replenishment Spares
308.2 Modifications
308.3 Replenishment Ground Support Equipments

~ ~ ~flrC~rr~,,S~



----- ....p- . __. . r' . .•. . ' •...-.-- ~ -"'o • •.-- "'f- --. . •'--.•--" . .'' --' .. .•• • , .-- •--. -

120
• AIR-LAUNCHED MISSILE OPERATING AND SUPPORT

COST ELE;.:ENJT DEFIN1ITIONS

300 OPERATING AND SUPPORT: The variable cost of supporting the air-launched
missile operation of a deployed aircraft unit. I/

301 OPERATIONS

301.1 Ooerational Training:. The cost of: a) operational firings
including such costs as range operation, instrumentation,
drone and recovery costs; b) captive flight training plan-
ing, scheduling and evaluation costs.

301.2 Handling and Insoection: The cost of manpower and con-
sumable materiel needed to conduct missile launch and
recovery operations in the deployed unit. Included are
such tasks as: Removing missiles from storage; missile
inspection; missile assembly; transporting missiles to
the aircraft; missile uploading; and missile check out
and arming prior to a captive flight or firing. This
cost also includes a sirfnilar series of tasks to download
the missile and return it to storage i1 not fired.

301.2.1 Manpower: The pay and allowances of missile
Faindling and inspection personnel.

301.2.2 Materiel: The cost of materiel consumed in
the missile handling and inspection operation.
Excludes the cost of reparable spares which
are included in cost element 308.1, Replenish-
ment spares.

301.3 Personnel Support: The cost of supplies, services, and
equipment needed for support of missile handling and
inspection personnel. Included are administrative supply
items; expendable office machines and equipment; custodial
services; and personnel-oriented support items such as
desks and chairs.

302 BELO',A DEPOT MAINTENANCE

302.1 Missile ",aintenance Manpower

302.1.1 Organizational/AIM.'D: The cost of paying the per-
sonnel needed for-maintenance of aircraft missile
release systems; missile and missile components;
and missile support equipment of the deployed
aircraft unit. Included are the costs of super-
visory personnel needed for such functions as
missile-related maintenance supervision and con-
trol; missile quality control; and missile mainte-
nance analyses.
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302.1.2 Intermediate Maintenance: The cost of paying
the personnel needed for missile and missile
component checkout and repair at naval Weapon
Stations and Mobile Missile Maintenance units.

302.2 Munitions 14aintenance 1M;anoower: The cost of paying
the personnel needed for handling and maintenance of
missile warheads. Included are the costs of personnel
needed to supervise warhead maintenance, storage and
disposal.

302.3 Maintenance Materiel: The cost of purchasing material
from the General and System Support Divisions of the
stock funds. This cost includes all non-reparable ex-
pense items consumed in the missile and warhead repair
process. Excludes reparable spares costs which are in-
cluded in cost element 308.1 (Replenishment Spares).

302.4 Personnel Suoport: The cost of supplies, services and
equipment needed to support below-depot maintenance per-
sonnel. Examples of included costs are administrative
supply items; travel expenses; expendable office machines
and equipment; custodial services; and other variable
personnel-oriented support costs incurred at the mainte-
nance activities.

303 INSTALLATIONIS SUPPORT

303.1 Base ODerating Suoport: The cost of installation personnel
necessary to directly support missile handling and in-
spection and below-depot maintenance personnel. Examples
of installation functions which directly support the unit
include food services, custodial services, supply, rotor
pool, payroll, ADP and communication operations.

303.2 Real Property Maintenance: The variable cost of construc-
tion, maintenance and operation of real property facilities
and related management, engineering and support work in-
cluding contracted services that support the missile
handling, inspection, maintenance and storage functions.

303.3 Personnel Support: The cost of supplies and equipment
needed to support installation support personnel. Examples
of included costs are administrative supply items and ex-
pendable office machinz" and equipment.

304 DEPOT MAINTENIANCE: The cost of manpower and materiel needed to
perform missile and missile component and support equipment main-
tenance at DoD centralized repair depots and contractor repair
facilities.

304.1 Manpower: The cost of paying the personnel needed to per-
form major overhaul; rePair; modification; calibration;
inspection; and storage and disposal of missile and missile
components and support equipment. includes a pro rata



, -22 share of variable depot facility overhead costs.

. 304.2 Materiel: The cost of materiel consumed in the depot
overhaul, repair, inspection and storage and disposal
process.

305 DEPOT SUPPLY: The cost of mrnpowter and materiel needed to buy,
store, package, manage and control the supplies, spares and
repair parts used in operating and maintaining misssiles and
missile components and support equipment; and to provide sus-
tainin9 (service) engineering and technical data support for
missile systems.

305.1 Equipment Distribution: The cost of manpower and rMateriel
needed to fill requisitions for missile and missile sup-
port equipment supplies, spares and repair parts. In-
cluded are receiving, unpacking, storage, inspection,
packing and crating and issuing costs.

305.2 Equipment Management: The cost of manpower and mater 4 el
needed to manage the procueement of missile and missile
support equipment supplies, spares and repair parts
and maintain control and accountability of these assets.

305.3 Technical SuDocrt: The cost. of sustain.ing (service)
engineering and technical data and documents needed to
perform sustaining engineering and maintenance on missile
and missile component and support equipment.

306 SECOND DESTItATION TRANSPORTATION: The round trip cost of trans-
porting missiles, missile support equipment and reparable secondaryitems to the depot maintenance facilities and back to the opera-

tional unit, Naval Weapons stations or Service stock points;
and the one-way cost of transporting repair parts from Service
stock points to depot and below depot maintenance and supply
activities.

307 PERSONNEL SUPPORT AND TRAINING: The variable cost of training,
moving and providing health care for personhel needed to replace
missile handling, inspection, below-depot maintenance and installa-
tion support personnel.

307.1 Individual Training: 2/ The variable cost of recruit and
teic-FCal (skill) traTning including:

o the pay of personnel in training who will replace
missile handling and inspection, below-depot mainte-
nance and installation support personnel

o the cost of their instruction

o the pay of instructor personnel

307.2 Health Care: The variable cost of providing medical
support to: missile handling and in7pection, below-
depot maintcnance, ioistallation persornel aind training
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pipeline personnel including:

o the pay of medical personnel who provide this
support

o the cost of medical materiel

307.3 Personnel Activities: The costs incident to the PCS of:
missile handling and inspection and below-depot mainte-

t .nance personnel either individually or as an organized
unit; installation personnel; and training pipeline
personnel.

307.4 Personnel SuDoort: The cost of supplies, services and
equipment nee~ed to support instructor, trainee and
medical personnel. Examples of these costs are admini-
strative supply, expendable office equipment and machines,
and custodial services.

308 SUSTAINING INVESTMENTS: The costof procuring spares, modifica-
tion kits and materiel and ground support equipment for missile
support.

308.1 Replenishment Spares: The cost of procuring missile spares
and repair parts %nhich are normally repaired and returneo
to stock. In addition, this cost can include procurement
of stock levels that are not provided by initial spares
procurement.

308.2 Modification Kits and Mtateriel: The cost of modifying
missiles, missile support equipment, and training equip-
ment that are in the operating inventory to make them
safe for continued operation, to enable them to per-
form their missions and to improve reliability or reduce
maintenance cost. Includes spares.

308.3 Replenishment Ground Supoort Eouiom.ent: The cost of
procuring missile ground servicing equipment, maintenance
and repair shop equipment, instruments and laboratory
test equipment, and other equipment items including spares.
Covers such items as ground generators and test sets for
missile checkout. These equipment demands are generated
by a need to: (1) replace peculiar support equipment
bought using procurement funds; (2) obtain common off-th-
shelf ground equipnment that are needed to support missile
operations as production aircraft arrive in the operating
inventory; and (3) replenish common ground equipment that
is no longer useable.

•p~
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NOTES:

1_/ A deployed aircraft unit consists of any unit operating in the field
for combat, training or other operating purpose. To determine the O&S r

cost of the air-launched tactical missile under consideration, a typical -,C

deployed aircraft unit operation will be assumed.. The O&S estimate will, c
reflect the portion of the aircraft unit O&S cost that is missile related- t
as well as the variable O&S cost of training at National Test Ranges. "e

2/ Factory training provided by contractors at their facilities to qualify `de
an initial cadre of skilled personnel to: (1) operate and maintain a <i.

missile system when operationally deployed or (2) initially man Services •r
missile system-related training courses, is paid for by both investmen • t

and O&M funds. Contractor instructor pay and the cost of instruction at tZ
contractor facilities is categorized as an investment cost; the.pay of.. isService military and civilian personnel attending the factory schools "v i
is an O&S cost. i

I
I

I

I

I

iI4

iI
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APPENDIX B

NAVY AIR-LAUNCHED MISSILE
O&S COST ELEM•ENT STRUCTURE 1
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TABLE 3-1

NAVY OPERATING AND SUPPORT COST ELEMENT
STRUCTURE FOR AIR-LAUNCHED MISSILES

Appro- Budget Accounting
priation Category1  Claimant 2  Visibility3

o Operations

1. Handling and Inspection MPN CINC A
2. Operational Training MEN, O&MN CINC, NAVAIR A, D/A

NAVSEA
o Below-Depot Maintenance

3. Organizational/AIM Maint. MPN, O&MN OP-01, NAVAIR A
4. Intermediate Maintenance O&MN 7/A/2 NAVAIR 4104 D

o Installations Support

5. Base Operating Support MPN, O&MN CINC, NAVAIR I

o Depot Maintenance NAVSEA,

6. Depot Maintenance O&MN 7/A/2 NAVAIR 4104 D

o Depot Supply and Tech.ical Support

7. Supply Depot Ops O&MN 7/E/1,2,3 NAVSUP A/I
8. Technical Support

Fleet Support O&MN 7/A/2 NAVAIR 4104 D
Engineering Support O&MN 7/A/2 NAVAIR 4104 D
Quality Evaluation O&MN 7/A/4 NAVAIR 4104 D
Program Management MPN, O&MN NAVAIR D/A

o Second Destination Transportation

9. Transportation O&MN 7/E/3 NAVSUP A
10. Receipt, Segregation, Storage O&MN, MPN 7/B/I NAVSEA 04J A

& Issue

o Personnel Support Training

11. Replacement Training MPN,O&MN 8/A/2,2/E CNET A/I
12. Health Care MN,O&I•N BUMED I
13. Personnel Support MPN,O&MN OP-01 I

o Sustaining Investments

14. Replenishment Spares WPN 2 NAVAIR 412 D/A
15. Modifications WPN,O&MN 2,7/A/2 NAVAIR 412 D
16. Replenishment Ground Support WPN NAVAIR 4104 A

EquipmentI 17/A/2 refers to Budget Program 7, Budget Activity A, Budget Project 2
2 Claimants: CINC - the Coumander-in-chiefs of the Naval Fleets

NAVAIR - Naval Air Systems Comnand
NAVSEA - Naval Sea Systems Command
CNET - Chief of Naval Education and Training
NAVSUP - Naval Supply Systems Command
BUMED - Bureau of Medicine and Surgery
OP-OI - DCNO Manpower Personnel and Training

*3D - Direct Cost with individual weapon system visibility
A - Direct Cost without individual weapon system visibility; must be allocated

I a indirect
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DEFINITIONS

1. Handling and Inspection - The cost of personnel and consumable material
needed to perform the following tasks: removing missiles from storage;

missile inspection; missile assembly; transporting missiles to the air-

craft; missile uploading; and missile check out and arming prior to a

captive flight or firing. This cost also includes a similar series of

tasks to download the missile and return it to storage if not fired.

These tasks are performed at the Naval Air Station and aboard a carrier.

2. Operational Training - The cost of operational firings consisting of range

cost, instrumentation, target presentation, recovery, and any other support.

This would also include any shipboard or NAS familiarization training for

missile operational personnel.

3. Organizational/AIMD Maintenance - This is the cost of labor and consumable

material required at the Squadron and CVA/NAS Intermediate Maintenance

Activity to perform maintenance on the missile or its associated equipment.

The concept of the all-up-round theoretically precludes this type of main-

tenance, but nevertheless, there are some maintenance functions which are

performed when the missile fails a pre-flight test. Also organizational

and intermediate level maintenance is required on missile-dedicated air-

craft equipment.

4. Intermediate Maintenance - The cost of personnel, consumable material and

station overhead required to perform missile and missile component checkout

and repair at the Naval Weapons Stations. This includes such procedures

as the functional test of the assembled round, fault isolation of the failed

rounds, removal and replacement of faulty major subgroups such as the flight

control group of the guidance section, and fault confirmation and other

support from the Weapons Quality Evaluation Center (WQEC).

-4
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5. Base Operating Support - The cost of installation personnel and material

necessary to directly support missile handling and inspection and below-

depot maintenance personnel. Examples of installation functions which

directly support the unit include food services, custodial services, sup-

ply, motor pool, payroll, ADP and communication operations. It also in-

cludes a proportional share of work center costs such as real property

maintenance, etc. This cost may be estimated by utilizing the Base

Operating Support factors in the Navy Resource Model (NARM) Program

Factors Manual.
1

6. Depot Maintenance - The cost of manpower,material, and overhead needed

to perform missile and missile component and support equipment mainte-

nance at Navy and contractor repair facilities.

7. Supply Depot Operations - The cost of manpower and material needed to

buy, store, package, manage and control supplies, spares and repair parts

used in operating and maintaining missiles and missile components and

support equipment.

8. Technical Support - The cost of a number of technically oriented programs

usually centrally managed by the Systems Command or one of its field

activities.

Fleet Support - The cost of on-site technical personnel (usually Navy

civilians) who provide technical advice and assistance in the

operation and maintenance of the weapon system.

Engineering Support - The cost of engineering support is comprised of

two major areas - maintenance engineering and design engineering.

The former consists of efforts at the various Naval engineering

activities in support of the missile maintenance systems and is

funded through NAVAIR 410, while the latter is concerned with en-

gineering for the missile itself, i.e, the design and configuration

matters, and is funded by the NAVAIR 510.



- -,- _ __ __ __ _

131

Quality Evaluation - The cost of the Navy Weapons Quality Program

whose purpose is to monitor the status and condition of the air-

* launched weapon stockpile. Principal activities include maintenance/

reliability/performance trend analysis, calibration of test equip-

ment, destructive testing of missile sections, certification of NWS

failures and related data collection and analysis.

Sh Program Management - The O&S cost of missile-specific project manage-
#2

ment both at the SYSCOM level and below.

9. Transportation - This is the cost of second destination transportation

which primarily consists of transporting the missiles or missile sections

from the Naval Weapons Stations to the depots and back.

10. Receipt, Segregation, Storage & Issue - Personnel and material costs of

on-loadings and off-loadings of ships, movement and handling of missiles

to and from storage depots and NWS's, and storage.

11. Replacement Training - The variable cost of recruit and technical training

including:

o the pay of personnel in training who will replace missile
operations, below-depot maintenance and installation support
personnel;

o the cost of their instruction; and

o the pay of instructor personnel.

This cost may be estimated utilizing the factors in the Navy Resource Model

(NARM) Program Factors Manual.

12. Health Care - The variable cost of providing medical support to: missile

operation, below-depot maintenance and installation personnel; and training

pipeline personnel including:

o the pay of medical personnel who provide this support; and

o the cost of medical material.
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This cost may be estimated utilizing the factors in the Navy Resource 1
Model (N.ARM Program Factors Manual.

13. Personnel Support - The costs incident to the PCS of: missile operation

and below-depot maintenance personnel either individually or as an organ-

ized unit; installation personnel; and training pipeline personnel. This

cost may be estimated utilizing the factors in the Navy Resource Model

(NARM) Program Factors Manual.

14. Replenishment Spares - The cost of procuring missile spares and repair

parts which are normaily repaired and returned to stock. Iu addition,

this cost can include procurement of stock levels that are not provided

by initial spares procurement.

15. Modifications - The cost of modifying missiles, missile support equip-

ment, and training equipment that are in tne operating inventory to make

them safe for continued operation, to enable them to perform their mis-

sions and to improve reliability or reduce maintenance cost. This includes

labor, modification kits, and consumable material.

16. Replenishment Ground Support Equipmert - The cost of procuring missile

ground servicing equipment, maintenance and repair shop equipment, in-

struments and laboratory test equipment, and other equipme'..t items.

These equipment demands are generated by a need to: (1) replace peculiar

suppcrt equipment bought using procurement funds; (2) obtain common off-

the-shelf ground equipment that are needed to support missile operations;

and (3) replenish common ground equipment that is no longer uteable.

I:
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TABLE C-2
NAVAL WEAPONS STATION MAINTENANCE COSTS

FROM FY77 CONGRESSIONAL BUDGET SUBMISSION
NAVAL AIR SYSTEMS COMMAND

(FY79$)

FY75 FY76 FYTO FY77

SIDEWINDER

Quantity 1,750 1,823 551 3,591

Unit Cost 732 711 677 7U4 -i

Total Cost ($K) 1,282 1,296 373 2,527

SPARROW (Air)

Quantity 2,730 3,066 887 4,016

Unit Cost 1,191 1,155 1,100 1,144

Total Cost ($K) 3,250 3,542 965 4,592

WALLEYE I

Quantity 983 218 213 310
Unit Cost 799 775 741 763

Total Cost ($K) 785 169 158 237

SHRIKE

Quantity 1,813 838 14 303

Unit Cost 609 591 612 585

Total Cost ($K) 1,105 496 8 178

STANDARD ARM

Quantity 298 34 22 206

Unit Cost 2,951 2,843 2,722 2,830

Total Cost ($K) 878 97 60 583

PHOENIX

Quantity 200 7 3 20

Unit Cost 2,517 2,448 2,304 2,221

Total Cost ($X) 503 17 7 44

,1
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TABLE C-3
NAVAL WEAPONS STATION MAINrENANCE COSTSFROM FY78 OSD BUDGET SUBMISSION,NAVAL AIR SYSTEMS COMMAND

(FY79S)

FZ76 FYTQ FY77 FY78

SIDEWINDER

Quantity 2,434 351 1,945 2,186
Unit Cost 908 942 909 919
Total Cost ($K) 2,212 331 1,769 2,009

SPARROW (Air)

Quantity 2,103 396 1,973 1,286
Unit Cost 1,275 1,408 1,273 1,282
Total Cost ($K) 2,683 558 2,513 1,648

WALLEYE I

Quantity 782 124 658 1,157
Unit Cost 760 780 732 806
Total Cost ($K) 595 99 482 933

WALLEYE II

Quantity 103 25 436 611
Unit Cost 1,141 1,336 1,212 1,228
Total Cost ($K) 118 33 528 750

SHRIKE
Quantity 696 396 1,261 1,392
Unit Cost 775 702 827 833
Total Cost ($K) 540 278 1,042 1,160

STANDARD ARM
Quantity 35 12 149 292
Unit Cost 2,728 2,688 2,706 2,726
Total Cost ($K) 95 32 403 796

PHOENIX

Quantity 216 - 470 793
Unit Cost 1,496 - 1,502 1,516
Total Cost ($K) 323 - 706 1,202

• .....
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TABLE C-4

NAVAL WEAPONS STATION MAINTENANCE COSTS
FROM FY79 CONGRESSIONAL BUDGET SUBMISSION

NAVAL AIR SYSTEMS COMMAND
(FY795)

FY77 FY78 FY79

S IDEWINDER

Quantity 1,439 1,626 1,632

Unit Cost 1,032 1,029 1,002

Total Cost ($K) 1,485 1,672 1,635

SPARROW CAin

Quantity 1,152 1,286 1,433

Unit Cost 1,917 1,821 1,773

Total Cost ($K) 2,207 2,343 2,541

WALLEYE I

Quantity 717 833 577

Unit Cost 1,227 1,132 1,102

Total Cost ($K) 879 943 636

WALLEYE II

Quantity 33 294 258

Unit Cost 1,026 1,521 1,481

Total Cost ($K) 85 448 382

SHRIKE

Quantity 808 781 964

Unit Cost 1,318 1,397 1,360

Total Cost ($K) 1 1)65 1,091 1,311

STANDARD ARM

Quantity 17 85 75

Unit Cost 19,428 3,529 3,436

Total Cost ($K) 330 300 258

PHOENIX

Quantity 339 678 967

Unit Cost 1,647 1,594 1,552

Total Cost ($K) 558 1,081 1,501
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TABLE C-5

NAVAL WEAPONS STATION MAINTENANCE - UNIT COSTS

(YY79$)

FY77 FY78 FY79 AVG.

SIDEWINDER 1,032 1,029 1,002 1,069

SPARROW 1,917 1,821 1,773 1,837

WALLEYE I 1,227 1,132 1,102 1,154

WALLEYE II 1,026 1,521 1,481 1,343

SHRIKE 1,318 1,397 1,360 1,358

STANDARD ARM 19,428* 3,529 3,436 3,483

PHOENIX 2,150 1,594 1,552 1,ý65

*Not included in average
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J
TABLE C-6

MISSILE MAINTENANCE DUE DATES

Test Internal G&C
Missile Prior to Issuel Cert. Time 2

SIDEWINDER 180 days 24 mos.

AiM-9D/G/H

SPARROW III 180 days 24 mos.

AIM-7E/E2/E3/E4

STANDARD ARM 24 mos. 24 mos.

AGM-78/B/C/D

WALLEYE 210 days 36 mos.

MK-1 MOD 9/2 (p- .r serv.)

MK-1 MOD 6/7

MK-2 MOD 0 420 day!

MK-13 MOD 0 (no serv.

MK-5 MOD 4

SHRIKE 27 mos. 36 mos.

AGM-45A/B

PHOENIX 60 days 14 mos.

AIM-54

BULLPUP 36 mos.

Source: !Performance Monitoring System, 2 August 1977
2 Performance Monitoring System, 2 September 77
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TABLE C-7

INTERMEDIATE REJECT RATIO DATA

Missile Number processed Number Rejected Ratio

SIDEWINDER

AIM-9G 1,127 349 0.31
AIM-9H 2,608 117 0.04

AIM-9YH 6 3 0.50

Total 3,741 469 0.13

SPARROW

AIM-7E2 1,167 414 0.35

AIM-7E3 606 152 0.25

AIM-7E4 562 181 0.32

AIM-7E5 187 0 0

Total 2,522 747 0.30

WALLr.YE I 798 53 0.07

WALLEYE II 184 20 0.09

WALLEYE II ERDL 135 8 0.06

SHRIKE

AGM-45A/3 376 96 0.26
AGM-45A/3A 124 23 0.19
AGN-45A/4 ill 21 0.19
AGm-45A/6 135 23 0.17

AGM-45A/7 187 38 0.20

AGM-45B/3 1 0 0
AGM-45B/6 171 37 0.22

Total 1,105 238 0.22

STANDARD ARM 56 17 0.30

PHOENIX 761 184 0.24

HARPOON 216 40 0.19
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TABLE C- 19

DEPOT MAINTENANCE COST PER LNIT GUIDANCE
AND CONTROL ($79)

(i.e. Total Depot Cost ÷ G&C Qty.)

Missile FY75 FY76 FYTO FY77 FY78 FY79 Avg.

SIDEWINDER

77 Submission 2,397 3,370 2,584 2,617 2,742

78 Submission 3,422 2,563 3,208 3,053 3,062

S79 Submission 3,659 3,217 3,899 3,592

SPARROW (Air)

77 Submission 3,154 3,807 3,377 3,429 3,442

78 Submission 3,430 3,305 4,134 4,028 3,724

79 Submission 3,530 4,381 4,008 3,973

,4ALLEYE I

77 Submissioni 2,517 4,521 4,279 4,483 3,950

78 Submission 2,530 - 2,166 2,351 2,349

79 Submission 2,462 - 1,925 2,194

WALLEYE II

77 Submission ..- - -

78 Submission - - 2,887 2,545 2,716

79 Submission 7,4672 3,314 2,387 2,851

SHRIKE

77 Submission 1,605 1,824 1,548 2,506 1,871

78 Submission 2,393 1,559 2,233 2,626 2,230

79 Submission 892 1,471 983 1,115

STANDARD ARM

77 Submission 11,352 10,995 10,668 10,869 10,971

78 Submission 32,838 - 43,680 29,364 35,294

79 Submission 54,4262 15,347 15,347

PHOENIX

77 Submission 13,444 10,359 10,176 10,251 11,058

78 Submission 5,043 7,143 9,678 9,991 7,964

79 Submission 7,473 6,631 6,487 6,863

HARPOON

77 Submission

78 Submission 4,393 5,537 4,965

79 Submission - 6,596 5,280 5,938

1WALLEYE I and II combined.
2 Not included in average.
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TABLE C- 20

UNIT COSTS TO REPAIR GUIDANCE AND CONTROL SECTIONS AT THE DEPOT ($79)

Missile FY75 FY76 FYTQ FY77 FY78 FY79 AvR.

SIDEWINDER

77 Submission 2,123 2,366 2,272 2,362 2,280

78 Submission 2,204 2,094 2,190 2,164 2,163

79 Submission 2,120 2,141 2,082 2,114

SPARROW
7 7 Submission 2,820 3,102 2,962 3,074 2,990

78 Submission 3,067 2,770 3,211 3,172 3,055

79 Submission 3,098 3,186 3,090 3,125

WALLEYE I

77 Submission .. -

78 Submission 1,827 - 1,790 1,764* 1,794

79 Submission 1,864 1,784 1,723 1,790

WALLEYE II

77 Submission ....

78 Submission - - 2,21C 2,064* 2,137

79 Submission 3,063 2,186 2,114 2,454

SHIRKE

77 Submission 1,456 1,618 1,509 1,549 1,533

78 Submission 1,355 1,408 1,382 1,505 1,413

79 Submission 1,400 1,268 1,247 1,305

STANDARD ARM

77 Submission .- -

78 Submission 13,600 -- 13,338 13,469

79 Submission 13,535 - 13,535

PHOENIX

77 Submission 10,588 10,291 10,467 10,449

78 Submission 6,769 8,064 8,685 8,784 8,076

79 Submission 9,445 8,378 8,156 8,660

HARPOON

77 Subm is sion ....

78 Submission - - - 4,C70 4,070

79 Submission 4,140 4,004 4,072

*Commercial
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TABLE C- 21

DEPOT LEVEL MANHOURS FOR REPAIR OF
GUIDANCE AND CONTROL SECTIONS

Missile FY75 FY76 FYTQ FY77 FY78 FY79

SIDEWINDER

77 Submission 65 88 65 65

78 Submission 65 62 62 62

79 Submission 62 62 62

SPARROW

77 Submission 91 91 74 91

78 Submission 95 85 86 84

79 Submission 85 83 92

SHRIKE

77 Submission 38 44 39 38

78 Submission 39 38 38 38

79 Submission 43 38 38

PHOENIX

77 Submisstcn
78 Submission 250 230 230 230

79 Submission 230 230 230

DEPOT LABOR RATES FOR MISSILE REPAIR

(then year dollars)

Fiscal Year Rate Source

73 $17.75 Industrial Performance Summary for
Naval Air Rework Facilities, 1973

74 20.54 Industrial Performance Summary for
Naval Air Rework Facilities, 1974

75 23.25 Industrial Performance Summary for
Naval Air Rework Facilities, 1975

76 29.62 Industrial Performance Summary for
Naval Air Rework Facilities, 1976

77 32.45 FY79 Congressional Budget Submissicn

78 36.40 FY79 Congressional Budget Submission

79 36.12 FY79 Congressional Budget Submission

"- I~



164
I

TABLE C- 22

DEPOT MAINTENANCE COSTS
(OTHER THAN REPAIR OF GUIDAN ,E & CONTROL)

(79$) t

Rocket Motor Repair FY75 1  FY76 2  FYT_ 3  FY774 FY78 5  FY79 6

(Unit Cost)

SIDEWINDER 707 688 615 632 671 653

SPARROW 763 957 918 970 938 912

SHRIKE 1,060 979 918 985 960 933

STANDARD ARM 11,694 10,815 10,010

PHOENIX 2,507 2,438

HARPOON 3,611 3,511

NAFI/Commercial Repair
(Unit Cost)

SIDEWINDER 2,082

SPARROW 4,569 4,632

WALLEYE 2,513 1,827 1,899 1,816 1,836

STANDARD ARM 11,289 13,600 13,535 16,595 15,599

PHOENIX 13,449

HARPOON 4,140 4,004

Other Depot Costs
(per G&C unit)

SIDEWINDER 671 357 1,243 677 1,787

SPARROW 617 582 232 417 369

WALLEYE 743 711 309 220

SHRIKE 514 310 221 485 114

STANDARD ARM 2,952 41,164 - 1,548

PHOENIX 621 3,111 1,155 876 460

1 FY77 Congressional Budget Submission

2,3 FY78 OSD Budget Submission

4,5,6 FY79 Congressional Budget Submission
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FLEET SUPPORT COSTS
(Thous. of 79$)

Missile FY75 FY76 FYTQ FY77 FY78 FY79 Avg.

SIDEWINDER

77 Submission .'5 268 267

78 Submission 262 62 295 350 298

79 Submission 292 311 217 273

SPARROW

77 Submission 252 258 255

78 Submission 252 62 334 293 290
79 Submission 336 240 251 276

WALLEYE I

77 Submission* 132 208 170
78 Submission 179 36 123 150 150

79 Submission 85 113 03 95

WALLEYE II

77 Submission

78 Submission 29 13 50 100 59
79 Submission 33 76. 66 58

SHRIKE
77 Submission 212 245 229

78 Submission 245 56 228 254 241

79 Submission 154 178 188 1••3

STANDARD ARM

77 Submission 146 208 177

78 Submission 208 50 205 200 204

79 Submission 33 62 125 73

PHOENIX

77 Submission 159 171 165

78 Submission 171 40 171 246 193

79 Submission 199 151 156 169

HARPOON

77 Submission

78 Submission 89 250 170
79 Submission 57 79 156 97

*Data is for WALLEYE I and II.
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:TABLE C-24

ENGINEERING SUPPORT (NAVAIR 410)
(Thous. of FY79$)

Missile FY75 FY76 FYTg FY77 FY78 FY79 Avg.
SIDEWINDER

77 Submission 493 574 534
78 Submission 574 120 708 871 699
79 Submission 791 662 941 798

SPARROW
77 Submission 497 802 650
78 Submission 802 168 896 916 856
79 Submission 871 777 961 870

WALLEYE I

77 Submicsion* 397 367 382
78 Submission 316 60 203 203 241
79 Submission 261 295 229 262

WALLEYE II

77 Submission
78 Submission 51 21 82 138 90
79 Submission 132 216 177 175

SHRIKE

77 Submission 405 441 423
78 Submission 441 123 243 288 337
79 Sulmission 313 650 350 438

STANDARD ARM

77 Submiesion 503 367 435
78 Submission 367 82 344 420 373
79 Submission 442 494 425 454

PHOENIX

77 Submission 559 343 451
78 Submission 343 81 319 455 369
79 Submission 405 793 492 563

HARPOON

77 Submission

78 Submission 178 567 373
79 Submission 184 793 613 530

*WALLEYE I and II combined.
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TABLE C- 25
ENGINEERING SUPPORT (NAVAIR 510)

(Thous. of FY79$)
1 Missi~le FY76 & TQ FY77 Ff78 FY79

SIDEWKNDER

77 Actual 817 574 677 686 689
78 Plan - 1,704 1,353 1,272

SPARROW

77 Actual 256 227 273 675 388
78 Plan 523 564 1,464

WALLEYE I
77 Actual 56 60 99 69 71
78 Plan 184 196 163

WALLEYE II
77 Actual 28 31 50 35 36
78 Plan 92 98 81

SHRIKE
77 Actual 210 186 279 195 218
78 Plan 534 556 455

STANDARD APM
77 Actual 319 277 245 263 276
78 Plan 540 609 549

PHOENIX
77 Actual 52 67 151 680 238
78 Plan 239 124 1,107

HARPOON

77 Actual 
154 154

78 Plan 
250
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TABLE C-26

QUALITY EVALUATION COSTS
(79$ in thous.)

Missile FY77 FY78 FY79

SIDEWINDER 465 449 480 465

SPARROW 365 425 399 397

WALLEYE I 184 200 142 175

WALLEYE II 92 100 70 88

SHRIKE 303 332 337 324

STANDARD ARM 102 47 119 90

PHOENIX 168 246 390 268

HARPOON 201 268 315 262

-, -- - .
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TABLE C-28

REPRESENTATIVE TRANSPORTATION RATES

Origin: NWS, Concord, CA All costs are $ per hundred
Destination: NOS, Indianhead, MD weight unless labeled otherwise
Distance: 2,793 miles

TL -LTL-

Dual Driver
Protective ServicL

DROM MIXED (per shipment)

Class A Explofive

Rate 10.32 36.71 64.78 516.22

Min weight 38,000 2,500 5,000

Class B Explosive

Rate 10.32 36.71 64.78 516.22

Min weight 38,000 2,500 5,000

Class C Explosive

Rate 10.32 36.71 64.78 516.22

Min weight 38,000 2,500 5,000

INERT

Rate 11.61 27.09

Min weight 24,000 min.chg.

LTL under 500 lbs 18.501
LTL 500-2,000 18.06
LTL 2,000-5,000 16.77
LTL 5,000-10,000 16.26
LTL 10,000-15,000 14.13
LTL over 15,000 12.57

IPlus Single Shipment Charge of $2.93 per cwt.

TL - Truck load
LTL - Less than truck load
DROM - Components are shipped inside a dromedary unit and therefore isolated from

the rest of the shipment. Each dromedary used has a 5000 lb. maximum.
MIXED - Components are not isolated from rest of shipment.

Metric Conversion: 1 mile - 1.6093k ; 1 lb. - 0.453kg.
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TABLE C-29

REPRESENTATIVE TRANSPORTATION RATES

Origin: NWS Concord, CA All costs are $ per hundred
Destination: NWS Earle, NJ weight unless labeled otherwise
Distance: 2,901 miles

TL -LTL-

Dual Driver
Protective Service

DROM MIXED (per shipment)

Class A Explosive

Rate 16.23 14.75 14.73 38.63 68.34 545.90

Min weight 30,000 38,000 42,000 2,500 5,000

Class B Explosive

Rate 10.85 38.63 68.34 545.90

Min weight 38,000 2,500 5,000

Class C Explosive

Rate 10.85 38.63 63.34 545.90

Min weight 38,000 2,500 5,000

INERT

Rate 10.93 29.071

Min weight 24,000 min.chg.

LTL under 500 lbs 18.50
LTL 500-2,000 18.06
LTL 2,000-5,000 16.77
LTL 5,000-10,000 16.26
LTL 10,000-15,000 14.13
LTL over 15,000 12.57

IPlus Single Shipment Charge of $2.93 per cwt.

Key
TL - Truck Load
LTL - Less than truck load
DROM - Components are shipped inside a dromedary unit and therefcre isolated from

the rest of the shipment. Each dromedary used has a 5000 lb. maximum.
MIXED- Components are not isolated from rest of shipment.

Metric Conversion: 1 mile - 1.6093km; 1 lb. a 0.453kg.
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TABLE C-30

REPRESENTATIVE TRANSPORTATION RATES

Origin: NARM, Alameda, CA All costs are $ per hundred
Destination: NWSC, Crane, IN weight unless labeled otherwise
Distance: 2,255 miles

TL -LTL----
Dual Driver

Protective Service
DROM MIXED (per shipment)

Class A Explosive

Rate 5.44 5.37 5.34 32.18 442.02

Min weight 38,000 40,000 42,000 2,500

Class B Explosive

Rate 5.44 5.37 5.34 32.18 442.02

Min weight 38,000 40,000 42,000 2,500

Class C Explosive

Rate 5.44 5.37 5.34 32.18 442.02

Min weight 38,000 40,000 42,000 2,500

INERT

Rate 4.79 4.47 4.27 24.761

Min weight 30,000 38,000 40,000 min.chg.

LTL under 500 lbs 15.71
LTL 500-2,000 15.34
LTL 2,000-5,000 14.16
LTL over 5,000 13.93

IPlus Single Ship Charge of $2.93 per cwt.

Key
TL - Truck load
LTL - Less than truck load
DROM - Components are shipped inside a dromedary unit and therefore isolated from

the rest of the shipment. Each dromedary used has a 5000 lb. maximum.
MIXED- Components are not isolated from rest of shipment.

Metric Conversion: 1 mile - 1.6093km; 1 lb. - 0.453kg.

1-w. o
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TABLE C-31
REPRESENTATIVE TRANSPORTATION RATES

Origin: NARF, Alameda, CA All costs are $ per hundred
Destinatior: NWS, Yorktown, VA weight unless labeled otherwise
Distance: 2,903 miles

TL - LTL-

Dual Driver
Protective Service

DROM MIXED (pur shipment)

Class A Explosive

Rate 16.23 14.75 14.73 38.63 68.34 545.90

Min weight 30,000 38,000 42,000 2,500 5,000

Class B Explosive

Rate 10.85 38.63 68.34 545.90
Min weight 38,000 2,500 5,000

Class C Explosive

Rate 10.85 38.63 68.34 545.90
Min weight 38,000 2,500 5,000

INERT

Rate 8.77 7.01 6.07 26.43"
Min weight 20,000 30,000 30,000 min.chg.

LTL under 500 lbs 15.93
LTL 500-2,000 15.59
LTL 2,000-5,000 14.41
LTL 5,000-10,000 14.11
LTL 10,000-15,000 12.14
LTL over 15,000 10.82

IPlus Single Ship Charge of $2.93 per cwt.

Key
TL - Truck load
LTL - Less than truck load
DROH - Components are shipped inside a dromedary unit and therefore isolated from

the rest of the shipment. Each dromedary used has a 5000 lb. maximum.
MIXED - Components are not isolated from rest of shipment.

Metric Conversion: 1 mile - 1.6093km; 1 lb. - 0.453kg.
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TABLE C-32

REPRESENTATIVE TRANSPORTATION RATES

Origin: NARM, Alameda, CA All costs are $ per hundred
Destination: NAS, Miramar, CA weight unless labled otherwise
Distance: 506 miles

TL LTL Signaturel
Security Service

(per shipment) (per shipment)

Min. Wt. Rate Weight Rate

Class A Explosive
36,000 1.60 2500-5000 295.00 14.00

40,000 1.50 5000-10000 340.00 14.00

Class B Explosive 36,000 1.60 2500-5000 295.00 14.00

40,000 1.50 5000-10000 340.00 14.00

Class C Explosive 35,000 1.60 2500-5000 295.00 14.00

40,000 1.50 5000-10000 340.00 14.00

INERT

10,000 1.15 0-100 10.85

15,000 1.02 100-150 15.45

20,000 0.87 150-200 18.10

30,000 0.67 200-250 21.10

40,000 0.51 250-300 24.00

45,000 0.47 300-400 28.60

400-500 33.45

50,000 0.46 over 500 37.90

lFor dual driver protective service add $16.13 per hr. Minimum charge is $85.00.

TL -Truck load
LTL -Less than truck load
DROM -Components are shipped inside a dromedary unit and therefore isolated from

the rest of the shipment. Each dromedar7 used has a 5000 lb. maximum.
MIXED -Components are not isolated from rest of shipment.

Metric Conversion: 1 mile - 1.6093km; 1 lb. - 0.453kg.
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TABLE C-33

REPRESENTATIVE TRANSPORTATION RATES

Origin: NARF, Alameda, CA All costs are $per hundred
Destination: NWS, Seal Beach, CA weight unless labled otherwise
Distance: 417 miles

TL LTL Signature1

Security Service
(Der shipment) (per shipment)

Min. Wt. Rate W Rate

Class A Exnlosive 40,000 0.95 2500-5000 270.00 14.00

5000-10000 320.00 14.00

Class B Explosive 40,000 0.95 2500-5000 270.00 14.00

5000-10000 320.00 14.00

Class C Explosive 40,000 0.95 25000-5000 270.00 14.00

5000-10000 320.00 14.00

0NERT 10,000 1.10 0-100 9.45

15,000 0.86 100-150 12.65

20,000 0.76 150-200 14.65

30,000 0.55 200-250 17.20
40,000 0.43 250-300 19.15

45,000 0.40 300-400 22.75

50,000 0.38 400-500 25.65
over 500 28.45

1For dual driver protective service add $16.13 per hr. Minimum charge is $85.00.

Key

TL - Truck Load
LTL -Less than truck load
DROM -Components are shipped inside a dromedary unit and therefore isolated from

the rest of the shipment. Each dromedary used has a 5000 lb. maximum.
MIXED-Components are not isolated from rest of shipment.

Metric Conversion: 1 mile - 1.6093km; 1 lb. a 0.453kg.
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TABLE C-34

REPRESENTATIVE TRANSPORTATION RATES

Origin: NWS, Charleston, SC All costs are $ per hundred
Destination: NARF, Alameda, CA weight unless labled otherwise
Distance: 2,763 miles

TL -LTL-

Dual Driver
Protective Service

DROM MIXED (per shipment)

Class A Explosive

Rate 15.40 11..00 13.98 36.71 64.28 516.22

Min. Weight 30,000 38,000 42,000 2500 5000

Class B Explosive

Rate 10.85 36.71 64.28 516.22

Min. Weight 28,000 2500 5000

Class C Explosive

Rate 10.85 3E.71 64.28 516.22

Min. Weight 38,000 2500 5000

INERT

Rate 9.79 7.48 6.181 28.13

Min. Weight 20,000 30,000 40,000 Min.chg.

LTL under 500 lbs. 17.382
LTL 500 - 1000 17.00
LTL 1000 - 2000 16.51
LTL 2000 - 5000 15.76
LTL 5000 - 9999 15.45

1 0verflow rate of $13.25 wigh 15,000 minimum applies when first truck is loaded.
2 plus Single Shipment Charge of $293 per cwt.

TL - Truck Load
LTL - Less than truck load
DROM - Component3 ae shipped inside a dromedary unit and therefore isolated from

the rest of the shipment. Each dromedary used has a 5000 lb. maximum.
MIXED - Compunents are not isolated from rest of shipment.

Metric Conversion: 1 mile - 1.6093km; 1 lb. a 0.453kg.
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TABLE C-35

REPRESENTATIVE TRANSPORTATION RATES

Origin: NWS Yorktown, VA All costs are $ per hundred
Destination: NARF, Alameda, CA weight unless labeled otherwise
Distance: 2,903 miles

TL -LTL-

Dual DfIver
Protective Service

DROM MIXED (per shipment)

Class A Explosive

late 16.23 14.75 14.73 38.63 68.34 545.90

Ain. Weight 30,000 38,000 42,000 2500 5000

Class B Explosive

Rate 10.85 38.63 68.34 545.90

Min. Weight 38,000 2500 5000

Class C Explocive

Rate 10.85 38.63 68.34 545.90

Min. Weight 38,000 2500 5000

INERT
Rate - 1 26.432

Min. Weight Nin.chg.

LTL under 500 i1- 15.93
LTL 500 - 2000 15.59
LTL 2000 - 5000 14.41
LTL 5000 - 10,000 14.11
LTL 10,000 - 15,000 12.14
LTL over 15,000 10.82

1TL rate quoted was higher than LTL, therefore use LTL.
2plus Single Shipment Charge of $2.93 per cwt.

TL - Truck Load
LTL - Less than truck load
DROM - Components are shipped Lnside a dromedary unit and therefore isolated from

the rest of the shipment. Each dromedary used has a 5000 lb. maximum.
MIXED - Components are not isolated from rest of shipment.

Metric Conversion: 1 mile - 1.6093km; 1 lb. - 0.453kg.
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TABLE C-36

REPRESENTATIVE TRANSPORTATION RATES

Origin: NWS, Yorktovt, VA All costs as $ per hundred
Destination: NOS, Innianhead, MD weight unless labeled otherwise 1
Distance: 170 miles

TL LTL
Dual DriverDROM MIXED Protective Service

Min. Wt. Rate Wt. Rate Wt. Rate (per shipment)

Class A Explosive 16,000 3.63 2500 12.18 5000 10.89 143.10
22,000 2.86
30,000 2.42
38,000 2.20
42,000 2.18
40,000 1.461

Class B Explosive 16,000 3.63 2500 12.18 5000 10.89 143.10
22,000 2.86
30,000 2.42
38,000 1.98
40,000 1.461

Class C Explosive 16,000 3.63 2500 12.18 5000 10.89 143.10
22,000 2.86
30,000 2.42
38,000 1.98

INERT 14,000 3.92 Min.chg. 30.672
16,000 3.60 under 500 16.03
23,000 3.44 500 - 1000 13.42
31,000 2.69 1000 - 2000 10.51
35,000 2.43 2000 - 5000 8.90
40,000 2.15 5000 - 9999 6.44

ITo Naval Propellant Plant only
2Per shipment

TL - Truck Load
LTL - Less than truck load
DROM - Components are shipped inside a dromedary uniL and therefore isolated from

the rest of the shipment. Each dromedary used has a 5000 lb. maximum.
MIXED - Components are not isoJated from rest of shipment.

Metric Conversion: 1 mile - 1.6093km; 1 lb. - 0.453kg.
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TABLE C-37

REPRESENTATIVE TRANSPORTATION RATES

Origin: NWS Yorktown, VA All costs are $ per hundred
Destination: NWS, Charleston, SC weight unless labeled otherwise
Distance: 432 miles

TL LTL
DROM MIXED Dual Driver

Protective Service
Min. Wt. Rate Wt. Rate Wt. Rate (per shipment)

Class A Explosive 16,000 5.61 2500 14.94 5000 16.55 143.10
"22,000 4.42
30,000 3.74
38,000 3.40
42,000 3.38

Class B Explosive 16,000 5.61 2500 14.94 5000 16.55 143.10
"22,000 4.42

' 30,000 3.74
38,000 3.06

Class C Explosive 16,000 5.61 2500 14.94 5000 16.55 143.10
22,000 4.42
30,000 3.74
38,000 3.06

INERT 20,000 1.38 9.001
30,000 1.25 Under 1000 4.642

U 1000-2000 3.41
2000 -5000 2.99

5000-10,000 2.10

1Minimum Charge

2 Plus Single Shipment Charge of $3.24 per cwt.

Key
TL - Truck load
LTL - Less than truck load
DROM - Components are shipped inside a dromedary unit and therefore isolated from

the rest of the shipment. Each dromedary used has a 5000 lb. maximum.
MIXED - Components are not isolated from rest of shipment.

Metric Conversion! 1 mile - 1.6093km; 1 lb. - 0.453kg.

f;
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TABLE C-38

RECEIPT, SEGREGATION, STORAGE & ISSUE COSTS
FOR AIR-LAUNCHED MISSILES

(FY79$ in Thous.)

NTS NWS NWS NWS NWS NWS
Cost Keyport Charleston Concord Earle SealBeach Yorktown Total

FY78 2nd Half

Off-loads 0.3 0.2 37.1 0.3 11.8 50.8 100.5

On-loads 0.1 0.3 69.3 0.4 30.0 96.4 196.5

Receipts 1.3 0.3 31.4 0.1 23.2 41.6 97.9

Issues 0.9 0.6 48.7 1.0 111.7 178.0 340.9

TOTAL 2.6 1.4 186.5 1.8 176.7 366.8 735.8

FY79

Off-loads 0.4 0.6 91.8 0.7 22.3 104.6 220.4

On-loads 0.4 0.7 104.8 0.5 45.8 145.8 298.0

Receipts 25.9 1.1 82.7 0.3 45.9 85.7 241.6

Issues 2.4 1.5 87.7 1.2 166.4 249.2 508.4

TOTAL 29.1 3.9 367.0 2.7 280.4 585.3 1,268.4

FY80

Off-loads 0.7 0.8 67.6 0.4 6.1 107.2 182.8

On-loads 3.7 0.8 116.0 0.3 51.0 101.7 273.5

Receipts 2.9 1.3 60.9 0.2 14.4 87.7 167.4

Issues 24.1 1.8 73.2 0.8 189.9 156.9 446.7

TOTAL 31.4 4.7 317.7 1.7 261.4 453.5 1,070.4

TONNAGE*

78 2nd Half Receipts 5 12 461 4 448 771 1,701

Issues 4 15 804 6 486 1,830 3,144

79 Receipts 9 38 1,185 8 798 1,521 3,559

Issues 8 35 1,273 7 696 2,648 4,667

80 Receipts 11 50 943 5 236 1,685 2,930

Issues 93 43 1,511 4 838 1,996 4,485

*Short tons
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TABLE C-42

AIR-LAUNCHED MISSILE O&MN INSTALLATION OF MODIFICATION
(FY79$ in Thous.)

Missile FY76 FYTQ FY77 FY78 FY79

SIDEWINDER

78 Submission 5

79 Submission 5 10

SPARROW

78 Submission 738 681

79 Submission 877 659 626

STANDARD ARM
78 Submission

79 Submission 15

PHOENIX

78 Submission 310 248

79 Submission 169 276
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TABLE D-1

METRIC CONVERSION CHART

2.2046 Pounds per Kilogram

0.4535 Kilograms per Pound

0.6214 Miles per Kilometer

1.6093 Kilometers per Mile

1209 Speed (Mach) in Kilometers/hour

0.9144 Meters per Yard

1.0936 Yards per Meter

39.3700 Inches per Meter

0.0254 Meters per Inch

°.I
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USER'S GUIDE

This appendix is included to provide the users of this estimating

model with a simple guide. It is designed to provide sufficient guidance

for the uninitiated analyst and to provide an expedient reference for the

experienced analyst.

The first step in preparing a missile O&S estimate with this model

is to read the entire report thoroughly including the reference material, if

necessary. This should provide a good basis of understanding of air-launched

missile O&S costs. Table E-1 provides analphabetical listing of all the var-

iables defined in this report. The analyst should be familiar with all of

them.

The second step is to become as familiar as possible with the missile

system, its operational and support concepts, and other pertinent data. Table

E-2 provides a listing of the variables defined in this report, arranged ac-

cording to their most probable source. This table should enable the uniniti-

ated analyst to gather all the required data with a single request. Obviously,

situations vary and, in some instances, the analyst may have to revert to a

second or third source. Also, the values of some variables are simply not

defined early in the program and the analyst must solicit an informed estimate

or refer to the information and examples contained in this report and make his

own informed estimate. These types of problems are not unusual, especially if

the system is very early in the acquisition cycle.

Table E-3 contains a listing of the cost elements and the Cost-

Estimating Relationships (CER's). This provides a summary of the estimating

procedures for the experienced analysts. Table E-4 provides a listing of the

Cost Element Structure (CES) and points of contact for each element. Since

m
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the situation in the fleet changes often, the analyst may want to update cost

data, or discuss support policy as part of the O&S analysis. This table pro-

vides a starting point for finding the responsible individual.

Life Cycle Costs

This report was written to provide a capability for estimating

average annua_ l O&S costs for air-launched missiles. It is possible to con-

vert the average annual cost into life cycle cost in several ways.

The first is simply to perform the entire analysis procedure for

each year, computing the annual workloads, unit costs and all other variables

year-by-year. A second method is to compute a single average annual O&S cost

and multiply it by the number of years the system is deployed. The average

annual cost can be multiplied by an appropriate fraction for each year that

the system is not fully deployed.

Tt is realized that these are simplistic methodologies and that

there are more complex and sophisticated issues involved in computing life

cycle O&S costs, but they will not be discussed further in this report.
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TABLE E-2
LISTING OF VARIABLES BY SOURCE

1. Program Sponsor (Op-506)

Variable Definition Cost Ele. Ref.

ACMRT the total annual time spent training on 2
the Advanced Combat Maneuvering Range

CF the annual number of captive flights 1

FHY the flying hours per year 3

NA the number of aircraft carrying the missile- 3
dedicated equipment

NLF the annual number of live firings 2



198

TABLE E-2 (cont'd.)

LISTING OF VARIABLES BY SOURCE

2. Program Office (PMA)

Variable Definition Cost Ele. Ref.

CACI 000  the cumulative average hardware cost of 6, 16
the first one thousand missiles procured
(FY 79$K)

CM the cost of consumable material used in 1
handling and inspection tasks (FY79$K)

CPi the annual cost of paying one Program
Management person in the ith grade (FY79$K) 8.4

NM the number of missiles carried per captive 1,-4
flight

NMP the number of Program Management personnel 8.4
in the ith pay grade

Ii

i-

!,

U?
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TABLE E-2 (cont'd.)

LISTING OF VARIABLES BY SOURCE

3. Program Documents

Variable Definitions Cost Ele. Ref.

AAD a dummy variable which takes the following 8.1, 8.3
values; 0, if the missile is an air-to-
surface missile; 1, if the missile is an
air-to-air missile

AFRR the failure rate at the NWS of missile 4
which were returned to the NWS as observed
failures in the fleet

ANSA the average number of missiles stored afloat 4

.ANSS the average number of missiles stored ashore 9

ASR the afloat storage recertification time 4
(maintenance due date - in years)

ASW the average section weight (thous. of kg.) 9

CFD the average captive flight duration (hours) 4

CFFR the captive flight failure rate (MTBF in hours) 4

LW the launch weight of the missile (kilograms) 8.3

LWO the launch weight of the missile less the 4
ordnance weight (kilograms)

1DSARR the failure rate at the NWS of missiles which 4
were returned to the NWS because the afloat
storage maintenance due date had been reached

MDSSRR the failure rate at the NWS of missiles which 4
were returned to the NWS because the shore
storage maintenance due date had been reached

PI the percent of the missile inventory comprised 8.1, 8.3
by the missile
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TABLE E-2 (cont'd.)

LISTING OF VARIABLES BY SOURCE

3. Program Documents (cont'd.)

Variable Definition Cost Ele. Ref.

MS the maximum speed of the missile in free 6
flight (mach)

MTBF the mean-time-between-failure of the missile- 3
dedicated equipment (hours)

MTTR the mean-time-to-repair the missile-dedicated 3
equipment (hours)

SSR the shore storage recertification time (main- 4
tenance due date - in years)



201

TABLE E-2 (conc'd.)

LISTING OF VARIABLES BY SOURCE

4. Assistant Project Manager for Logistics (APML)

Variable Definiticn Cost Ele. Ref.

CI the unit cost of installing a modification 15
kit (FY79$K)

CMK the unit cost of a modification kit (FY79$K) 15

CHA the annual cost of consumable material for 3
missile-dedicated aircraft equipment main-
tenance (FY79$K)

LU the labor required to successfully upload and 1
download a missile (manhours)

NMI the annual number of modification kits to be 15
installed

NW the annual number of modification kits to be 15
procured

WM the containerized weight per missile (short 10
"tons)

, I I



202 1

TABLE E-2 (cont'd.)

LISTING OF VARIABLES BY SOURCE i
5. Computed by Model

Variable Definition Cost. Ele. Ref.

AF the annual NWS workload resulting from missile
failures, determined by BIT check and visual 4
inspection

BE the number of base operating enlisted personnel 5
necessary to provide BOS services to missile
system personnel

BO the number of base operating officers necessary 5
to provide BOS services to missile system
personnel

BO the O&M funds required to provide BOS services 5
to missile system personnel (FY795K)

BOS the total cost (O&MN and MPN) of base operating 5
support (FY79$K)

DBE the number of direct enlisted plus base oper- 5, 11, 13
ating enlisted (computed in Element 5) required
to support the weapon system

DBO the number of direct officers plus base oper- 5, 11, 13
ating officers required to support the weapon
system

DBT the total number of personnel, officers and en- 5, 11, 12, 13
listed, direct plus base operating required
to operate and provide base support to the
missile system

DC the total annual depot cost (FY79$K) 6

DE the number of equivalent direct enlisted re- 1, 5
quired for handling and inspection tasks (from
Element 1)

DGC the depot unit cost of rework of a missile G&C 6
section. (This does no,- include repair of G&C
repairables.) (FY79$K)

DO the number of equivalent direct officers required 1, 5

for handling and inspection casks.

S: • • •I E m 4 q ql RniB~n D m n l I'm mili~qllR lm l ... .... ... .. • I



203

TABLE E-2 (cont'd.)

LISTING OF VARIABLES BY SOURCE

5. Computed by Model (cont'd.)

Variable Definition Cost Ele. Ref.

DR the direct requirements of manpower and oper- 7
ating funds represented by the total cost of
Elements 1, 3, 4 and 6 (FY79$K)

DUC the total depot unit cost for a particular type 6
missile (FY795K)

ES the annual cost of Engineering Support for a 8.2
particular missile type (FY79$K)

FS the annual cost of Fleet Support for a partic- 8.1
ular missile type (FY79$K)

HE the number of health care enlisted necessary to 12
support the weapon system

HI the cost of handling and inspection of air- 1
launched tactical missiles (FY79$K)

HO the number of health care officers necessary 12
to support the weapon system

HOM the health care O&M funds necessary to support 12
the weapon system (FY79$K)

HT the total cost of health care necessary to 12
support the weapon system (FY79$K)

IRR the intermediate reject ratio, i.e., the number 4, 6
of missiles failed by the NWS and forwarded to
the depot for repair divided by the total num-
ber processed by the NWS

M the annual cost of Modifications for an air- 15
launched missile type (FY79$K)

1NDSA the annual NWS workload resulting from missiles 4
stored afloat which reach their maintenance
due date

MDSS the annual NWS workJoad resulting from missiles 4
stored ashore which reach the maintenance due
date k!
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TABLE E-2 (cont'd.)

LISTING OF VARIABLES BY SOURCE

5. Computed by Model (cont'd.)

Variable Definition Cost Ele. Ref.

NS the annual number of missile sections to be 10
transported

NT the number of short tons to be handled by the 10
RSSI department

NWS the unit cost of NWS maintenance (FY79$K) 4

NWSWL the annual NWS workload; i.e., the number of 4, 6, 10
missiles of a particular type which undergo
NWS maintenance in a year

OMC the annual cost of Organizational/AIMD Main- 3
tenance (FY79$K)

OME the number of equivalent enlisted manyears 3, 5
required for Organizational/AIMD Maintenance
of missile system equipment

OT the annual cost of Operational Training (FY79$K) 2

PE the number of enlisted prisoners 13

PCS the annual cost (MPN funds) of PCS for weapon 13
system direct and base operating personnel
(FY79$K)

PM the annual cost of Program Management (FY79$K) 8.4

QE the annual cost of Quality Evaluation (FY79$K) 8.3

KEE the number of recruiting and examining enlisted 13
necessary to support the weapon system

REO the number of recruiting and examining officers 13
necessary to support the weapon system

REOM recruiting and examining O&M funds (FY79$K) 13

RGSE the annual cost of Replenishment Ground Sup- 16
port Equipment (FY79$K)

RSSI the annual RSSI cost for a particular missile 10
type (FY79$K)
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TABLE E-2 (cont'd.)

LISTING OF VARIABLES BY SOURCE

5. Computed by Model (conc'd.)

Variable Definition Cost Ele. Ref.

SDO the annual cost of Supply Depot Operations 7
required to support a weapon system (FY79$K)

SDT the annual cost of Second Destination Trans- 9
portation (FY79$K)

TDP the number of tot-l direct personnel (officers 5
and enlisted) involved in operating and sup-
porting the missile system

TE the number of training enlisted required to 11
support the weapon system

TET the number of enlisted personnel in transit 13

TO the number of training officers required to 11
support the weapon system

TOM training O&M funds (FY79$K) 11

TOT the number of officers in transit 13

TPA the total cost of Personnel Support (FY79$K) 13

TRT total Replacement Training costs (FY79$K) 11

TNWS the total NWS maintenance cost (FY79$K) 4

UCLF the unit cosc of a live firing including range 2
costs, target simulation and post flight anal-
ysis support (FY79$K)

WL the depot workload; i.e., the number of G&C 6, 16
sections processed

II
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TABLE E-2 (cont'd.)

LISTING OF VARIABLES BY SOURCE

6. Other

Variable Definition Cost Ele. Ref.

EPR the enlisted pay rate (FY79$K 9.517) 1,3,5,11,12,13

OPR the officer pay rate (FY79$K - 22.141) 1,5,11,12,13

1A



C C

C - '0 w

0S S..

-~t 'Z w E C

I. K1 1. 0. w c C
C .. * 411 0 C

-~~c P.- C- p

~ C ~ 1. .?~ UUMO

+ 09 S. C-

cc w
he~C . 0 2 C a

CUC~~~~ +K~ A U u
+ 4E A E za ~ C

CUE E K I.~ ,Scc

0 &*

4,. 1.6
o .. a ~ cc

Z~ St4,

od 41' 0 1. 7

+ IV

Cc f

00 S AV

S.. - 1w 2.
61S. .. 0



208

me, N N

.0 06 41 .

to OJN 4,

uN 0" at dtp

-C 4,
4 CC CC. 0

-- ~1 a,~ ~.
£ ~ ~ C £ C ~ -

CM~~s x~- 4

rs, a,~

NCJ~C +~li~

~ ~ IJ
6 j

C.O

MO 190 8 +

A. ey N N J0 ' h

U)I" N .6 t-- 96 ab"

.00 Q V * 0p
0 0000

- ~ .NA +4 .

-C I, 1NI- 0OMQ...2 + 0 * - - A - 4 - 0
a N C c 1 ac0.(a

Zo C do 0' 0 - C
Q : , - I w NJ

b~~~1a 0. 4. Uc~I - z2 N M F

*0.~ 0

An
a, c 1

mJ a0 a, t I.. C C

4, LO C op, N . c.

- -- - w -4~~w 4

G r -~
~l- ~ *~ ~ ~ i' ~ NN N C

C U N~ 0 00 ~ 9 U 0CC
4.1 L - I.

C~~g a. . N N



2r)9

TABLE E-4

SUMMARIZATION OF POINTS OF CONTACT

Code Person Teleshone

o Operations

1. Handling and Inspection NAVAIR 4104 Mr. I. Koniak X-29773
2. Operational Training NAVAIR-06E Mr. R. Crangj.e X-27785

NAVAIR-C6 Mr. H. Kollshegg X-27675
NAVSEA-06N Mr. F. Belen X-27748

o Below-Depot Maintenance

3. Organizational/AIMD Maint. NAVMAT 0415 Mr. Schanamann X-28781
NAVAIR 5205 Mr. F. Norton X-27596

4. Intermediate Maintenance NAVAIR 4104 Mr. I. Koniak X-29773

o Installations Support

5. Base Operating Support Op901 (NARM) Ms. Ruth X-55038

o Depot Maintenance

6. Depot Maintenance NAVAIR 4104 Mr. I. Koniak X-29773

o Depot Supply and Technical Support

7. Supply Depot Ops Op901 (NARM) Ms. Ruth X-55038
8. technical Support

Fleet Support NAVAIR 4104 Mr. I. Koniak X-29773
Engineering Support NAVAIR 410 Mr. I. Koniak X-29773

NAVAIR 510 CAPT Glunt or X-28571
Mr. Cooper X-28620

Quality Evaluation NAVAIR 4104 Mr. Sanders X-29828
Prcgrsm Management (see Sec.III,

8.4)

o Second Destination Transportation

9. Transportation NAVAIR 412 Mr. Roberts X-20091
10. Receipt, Segregation, Storage NAVSEA 04J Mr. Warfield X-21163

& Issue NWSC Crane, Mr. Wimmenauer 8-482-1358

o Personnel Support Training Ind.

11. Replacement Training Op901 (NARM) Ms. Ruth X-55038
12. Health Care Op901 (NARM) Ms. Ruth X-55038
13. Personnel Support Op901 (NARM) Ms. Ruth X-55038

o Sustaining Investments

14. Replenishment Spares NAVAIR 412 Ms. Savage X-20239
15. Modifications PMA/PMS (see table,

Sec. III, 8.4)
16. Replenishment Ground Support PMA/PMS (see table,

Equipment Sec. III, 8.4)
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GLOSSARY

ACMR Advanced Combat Maneuvering Range

AFWTF Atlantic Fleet Weapons Training Facility

AIMD Aircraft Intermediate Maintenance Department

AO Oiler

AOE Fast Combat Support Ship

APML Assistant Project Manager for Logistics

ASO Aviation Support Office

AUR All-Up-Round

BIT Built-In-Test

BOS Base Operating Support

CAIG Cost Analysis Improvement Group

CER Cost-Estimating Relationship

CES Cost Element Struct-.e

CVA Attack Carrier

DCP Decision Coordinating Paper

DOD Department of Defense

DSARC Defense Systems Acquisition Review Council

FLTAC Fleet Analysis Center

FYDP Five Year Defense Program

G&C Guidance and Control

HARM High Speed Anti-Radiation Missile

ICP Inventory Control Point

ILS Integrated Logistic Support

ILSP Integrated Logistic Support Plan

MD)CS Maintenance Data Collection System

MDD Maintenance Due Date

MEA Maintenauce Engineering Analysis

MKKU Mobile Missile Maintenance Unit

MOAT Missile-On-Aircraft-Test

MPN Military Personnel,Navy

MSOD Maintenance Support Office Department of Fleet Material Support Office
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MTBF Mean-Time-Between-Failure

MTTR Mean-Time-To-Repair

NARF Naval Air Rework Facility

NARM Navy Resource Model

NAS Naval Air Station

NAVAIR Naval Air Systems Command

NOS Naval Ordnance Station

NSN National Stock Number

NWS Naval Weapons Station

NWSC Naval Weapons Support Center, Crane, Indiana

O&MN Operations and Maintenance, Navy

OPNAV Office of the Chief of Naval Operations

O&S Operating and Support

OSD Office of the Secretary of Defense

PCS Permanent Change of Station

PMA Program Management Air

PMA Performance Monitoring System

PMTC Pacific Missile Test Center

POM Program Objectives Memorandum

R&D Research and Development

RGSE Replenishment Ground Support Equipment

RSSI Receipt, Segregation, Storage and Issue

SPCC Ships Parts Control Center

T/M/S Type, Model, Series

WPN Weapons Procurement, Navy

WQEC Weapona Quality Evaluation Center

WUC Work Unit Code

3-M Maii:tenance and Material Management System


